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This report serves to summarise the project work undertaken as the second phase of a study to
evaluate the stability of stepladders, particularly where intended for, or used in, the UK market. It
follows the Phase 1 report which discusses the findings of a literature search and standards review,
and it describes the test methodologies used to examine the attitudes and expectations of typical
professional and domestic stepladder users as well as the collection of dynamic data using an
innovative stability platform. Later sections interrogate this data in order to examine the manner in
which instability occurs in stepladder systems, relating it to both the stepladder’s structure and the
user’s behaviour. The identified causes of instability are then reviewed in order to determine effective
safety interventions. These include proposed improvements to the technical standards affecting
stepladders, increased levels of user training and better labelling and warnings. A final section deals
with possible avenues for the dissemination of this vital information.
This report and the work it describes were funded by the Health and Safety Executive. Its contents,
including any opinions and/or conclusions expressed, are those of the authors and do not necessarily
reflect HSE policy.
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Executive Summary 
 
 
This report details the background, methodology and findings of an extensive investigation into 
the issue of the stability of stepladders. This work has been funded by the Health and Safety 
Executive to both build on previous work conducted by the Consumer Affairs Directorate of the 
Department of Trade and Industry, and in response to a continued high level of injuries and 
fatalities associated with this product group. 
 
The work uniquely approaches the problem from the perspective of the user and, through 
intensive user trials, has quantified the forces they generate which stepladder systems must 
resist if they are to remain stable. Through a diverse range of simulated tasks, a representative 
sample of domestic and professional users have been able to demonstrate their normal patterns 
of behaviour, reflecting their experience, attitudes, expectations and training relating to the use 
of stepladders. 
 
Armed with this knowledge, modern stepladder design has been scrutinised. The conclusion 
drawn is that current designs do not adequately meet the demands that users might reasonably 
make on the stability of stepladders, and this shortfall is leading to accidents. The current policy 
of trying to discourage users from undertaking activities they consider normal, by means of 
instructions and warnings had been shown to be flawed, both in the comprehension of the 
information and in its application. Users clearly need greater margins of safety to be built into 
stepladders to protect them during normal activity. 
 
Users were further scrutinised to determine their personalities and attitudes, as well as their 
approach to safety and risk management. It has been found that they can be grouped according 
to age, predisposition to risk and other variables, which correlate to undertaking risky behaviour 
with stepladders. This finding leads to the recommendation that some personality profiling tools 
may be used to help identify individuals who are unsuited to professional ladder use without 
some other safety intervention. 
 
The information gained from the evaluation of the stepladders and their users has been 
combined to  form the basis of a new test specification, which it is recommended is integrated 
into standards relating to the safety of stepladders. 
 
See also Ergonomics evaluation into the safety of stepladders - Literature and standards
review: Phase 1  CRR418/2002  HSE Books 2002  ISBN 0 7176 2302 5
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1.0 BACKGROUND AND SCOPE OF THE STUDY 
 
 
Stepladders have been an enduring safety concern for both consumers and professional users, 
with significant numbers of deaths, hospitalisations and serious injuries attributable to their use. 
In accident statistics, stepladders are commonly one of the most injurious products within both 
the domestic and industrial environments and this leads to considerable human suffering and 
financial cost. This is more surprising given the other objects accounting for injuries, such as 
grinders, power saws, etc. and activities undertaken, such as vehicle maintenance. The fact that 
such patently dangerous tools and activities are responsible for lower accident rates than 
stepladder use suggests that there is a fundamental problem associated with both the design and 
application of stepladders to tasks. 
 
In the face of this high accident rate, considerable efforts have been made by government bodies 
and independent research groups to understand the nature of stepladder use and to offer 
remedial measures for the safety issues identified. The efforts have not been restricted to the UK 
or Europe, but are seen in virtually all industrialised countries 
 
Curiously, stepladders are perceived by the majority of users as hazardous products, primarily 
because of their insubstantial structure and the feelings of insecurity that they generate. Whilst 
this modifies user behaviour to some degree, it does not, in itself, seem to be a sufficiently 
strong message to prevent accidents occurring. This would appear, therefore, to contradict the 
popular belief of risk compensation unless there is another, as yet concealed, factor involved. It 
has been suggested that this factor may relate to mechanical failure of stepladder systems, either 
through inappropriate use or poor design and manufacture, leading to user injuries. This would 
appear to be at least partially substantiated by the number of stepladder accidents reported to 
Trading Standards Officers and health and safety agencies alleging that the stepladder failed 
whilst in normal use. 
 
If such failures were occurring without user misuse, the design of stepladders currently 
available must be brought into question. In the majority of such cases, users allege that they 
were not misusing the stepladder in any way. Such widespread conviction further suggests that 
either the stepladders involved are faulty in some way or that the user’s perception of 
reasonable use does not match that of the manufacturer. 
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Unfortunately, it is often difficult after an accident to establish whether damage appearing on 
the stepladder was inflicted during the event by other agents, or occurred spontaneously and 
initiated the accident. Because of this difficulty, few criminal or civil actions are pursued and 
hence the suitability of current stepladder designs is not challenged. 
 
Stepladder manufacture in the UK is largely controlled through the application of voluntary 
British and European Standards. These can be summarised by the categories of use as: 
Class 1  BS2037  Industrial Use 
Class 2  BS EN131  Domestic & Light Trades 
Class 3  BS2037  Domestic 
 
The UK differs somewhat from other European countries in offering a Standard specific to 
stepladders intended for domestic use (BS2037 : 1994). The European Standard (BS EN131 : 
1993) does not discriminate between ‘domestic’ and ‘light trades’ use. This discrepancy is the 
subject of considerable debate, and has caused some problems where a UK product is supplied 
to other European countries. Industrial use is only covered by BS2037. 
 
Of greater importance, however, is the apparent difference between the user’s expectations and 
the safety limits that the stepladder provides. Most stepladders bear considerable amounts of 
user advice, which often seems to contradict the very purpose for which stepladders are 
intended. Messages such as ‘Do not use a stepladder to access high places’ or ‘Do not stand on 
the top platform of the stepladder’ may have little impact on users who believe that such actions 
are clearly within the normal function of stepladders. 
 
The continuing trends in accident statistics suggest that user demands, especially for stability, 
are not being met. Previous research has shown that users do not follow instructions on the use 
of stepladders, but prefer to trust systems which they self-determine as safe. If this is normal 
user behaviour, then it must be considered as reasonable, and manufacturers must accommodate 
it in their designs. Accordingly, there is a need for a suitable test specification which 
manufacturers, and others, can use to demonstrate that adequate stability is being provided. 
 
Whilst considerable efforts have been made to evaluate the performance of stepladder systems, 
few studies have approached the problem from the user’s perspective. Structural strength and 
other parameters are quantified on the basis of pre-defined tasks, apparently without foundation 
on real-world use. 
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Similarly, current Standards do not contain a dynamic testing element. Static deformation is 
clearly an essential part of an effective testing regime, but may not be sufficient on its own to 
ensure adequate safety in a product which may be in use for many years and which may have a 
finite fatigue life. 
 
This research intends to establish whether dynamic testing of stepladders is an essential 
requirement of an effective Standards program. More importantly, it will evaluate whether such 
testing should accurately reflect the normal behaviour of users, and the reasonable demands 
they will make on stepladder systems. By adequately measuring, understanding and defining 
these demands it should be possible to specify a simple and reliable test which will ensure that 
the user is offered adequate levels of safety. Once this has been established, the benefits of user 
education and other remedial measures can also be maximised. 
 
1.1 THE PROBLEM 
As previously identified, the problem facing the safe manufacture and use of stepladders 
depends on two essential components. Fundamentally, there must be an understanding of what 
the user reasonably anticipates that they can do with the stepladder, and the stepladder must 
provide adequate strength and stability to allow this use. Historically, there appears to be some 
considerable differences between the stepladder manufacturer’s anticipated reasonable use, and 
the range of tasks which the user believes they are entitled to undertake. This mismatch has 
undoubtedly led to a considerable number of accidents and this shows no sign of decreasing. 
 
It seems apparent from the extensive warnings that normally accompany a new stepladder that 
there is some acknowledgement by manufacturers of the range of tasks that users wish to 
undertake, but these warnings seem to indicate that such tasks are considered unreasonable. 
This conflict can be seen as a pre-cursor to accident occurrence. 
 
There remains a critical need to quantify the stability and strength demands placed on a 
stepladder in the course of reasonable use. This can then be compared to the provision of 
stability and strength by the stepladder to identify whether there is sufficient margin for safe 
use. Only by collecting this information is it possible to determine whether current stepladder 
products are truly safe to use or are inferior products attempting to pass responsibility for safety 
onto the user. 
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1.2 AIMS OF THE PROJECT 
In light of the background, the stated aims and objectives of the project are: 
 
Aim 1: Examine the behaviour and characteristics of stepladder users, based on knowledge and 
test methods in the previous reports from the Department of Trade and Industry (Lawrence, N., 
et al. 1996. Consumer safety research: assessment of the safety of stepladders. Consumer Safety 
Unit, DTI. URN96/913.) and others. 
 
Aim 2: Assess the stability of stepladders, to include different types of current product, treads, 
height to base widths, materials, joints, range of use, etc. 
 
Aim 3: Undertake a test programme to determine the performance of the product range when 
challenged with realistic dynamic loads representing true consumer behaviour. 
 
Aim 4: Propose draft requirements for a performance-based test to quantify, and improve, the 
stability of stepladders. Determine a program of dissemination of the information. 
 
1.3 SUMMARY OF RECOMMENDATIONS FROM PHASE 1 
Phase 1 of this work consisted of a thorough review of the literature relating to, and standards 
affecting, stepladders. Following that review, it was apparent that there was a considerable 
amount of missing data relating to the real life demands placed upon stepladder systems in use. 
Because of this it was felt that simulated use and static testing would be inappropriate and that, 
although more costly, stability testing is carried out under real-life conditions. This would 
facilitate understanding of the user behaviour and allow measurement of the forces generated 
which might affect stepladder stability. This would further enable the development of a dynamic 
test for inclusion within the Standard. 
 
Accordingly, this Phase of the work examines the true behaviour of domestic and professional 
stepladder users and, through the use of an innovative data capture technique, quantifies the 
level of safety provided by current stepladder products. 
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2.0 OVERVIEW OF PHASE 2 
 
 
Phase 2 of the project can be summarised into six main components, each of which are reported 
in this document. The components and task within them are: 
 
2.1 STEPLADDER USER PROFILES AND CHARACTERISTICS 
1. Determine user profiles. 
2. Categorise user types. 
3. Identify any missing data and information. 
4. Identify techniques and means for collecting the missing data. 
5. Collect data. 
6. Define the variables that will be used to challenge the systems in the test programme. 
 
2.2 PILOT STABILITY TRIALS. 
1. Establish test methodology 
2. Finalise the trials methodology. 
3. Undertake limited pilot trials to test methodology. 
 
2.3 MAIN STABILITY TRIALS 
1. Recruit subjects and commission trials. 
2. Execute trials. 
3. Validate trials. 
4. Collect and process trials data. 
 
2.4 DATA ANALYSIS AND SPECIFICATION FOR THE PROPOSED 
PERFORMANCE-BASED TEST. 
1. Analyse the trials data to produce usable output. 
2. Compare trials data with user profiles identified earlier. 
3. Combine the two data sets to produce a performance test specification. 
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2.5 REPORT AND RECOMMENDATIONS FOR THE PROPOSED TEST 
SPECIFICATION. 
1. Prepare and deliver the final report of the work, including recommendations to the HSE. 
2. Undertake a review of the project and hold a debriefing meeting. 
 
2.6 KNOWLEDGE DISSEMINATION 
1. Identify appropriate recipients. 
2. Determine dissemination strategy. 
3. Disseminate information. 
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3.0  SUBJECT PROFILE 
 
 
Stepladder users essentially fall into two clear groups, domestic and professional. This is 
recognised within the current standards structure through the provision of standards for 
domestic and industrial products. Accordingly, it was necessary to evaluate two discrete 
populations, drawn from each of these groups of users. The general parameters defining the 
populations were relatively clear and could be used to define subject selection: 
 
Age 
Stepladder users are primarily adults, and so a typical 18 to 65 year old population could be 
used to represent them. It was particularly important to include older users, since they appear 
more likely to be involved in accidents and more seriously injured when they are. A further 
justification for this banding is that it also represents the age of the typical working population, 
so direct comparison between the groups could be made on this basis. 
 
Gender 
More men use stepladders than women, though this relationship is affected by the use 
environment. However, from accident statistics it was determined that 70% of injured users 
were male and 30% female. This provided the make up of the subject panel for the trials. 
 
Experience 
Experience of stepladder use is a diverse variable and, for the domestic user, one that can be 
adequately represented by a good random sampling technique. For professional users this is less 
easy, since the premise is that professional users will be trained and their use monitored. The 
level of training and monitoring may vary greatly, though in truth the current health and safety 
legislation makes provision for ensuring effective education and practice. It was felt that the 
complexities of poor implementation of legislation was beyond the scope of this project and so 
professional users would be drawn from reputable organisations and deemed as representative 
of the larger population. 
 
It was noted that professional users without training were, in reality, part of the domestic user 
group, but working in a professional environment. For this reason it was believed that any 
potential behavioural trends would be picked up from the untrained group. 
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All other key parameters, such as body dimensions, dynamic capabilities, etc. were considered 
to be adequately represented by effective sampling from the general population. 
 
The domestic subjects selected for the trials were drawn from an extensive panel of individuals 
maintained by RICE to support trials of this size. The professional users were drawn from local 
organisations, representing employees of larger institutions such as a university as well as small 
one-person organisations such as painters and decorators. These two trades in particular were of 
interest since they had been revealed to be over represented in stepladder accidents. Smaller 
organisations (SME, etc.) were eliminated on the basis that they may face the same problems as 
small organisations without the training infrastructure of larger concerns. Hence the behaviour 
of their employees would be represented by either untrained domestic subjects or fully trained 
professional ones. 
 
Two sets of profiling were undertaken, in order to collect the data missing from other, similar, 
investigative work. These were supplemented by focus groups to allow a less structured 
investigation into personal attitudes and experiences. For each group, the profiling evaluations 
were: 
 
Anthropometric evaluation 
This involved measuring various body dimensions for both direct use in appraising the 
stepladder systems, but also in ensuring that our test population were representative of the 
population in general. Dimensions which act upon the stepladder and its effective usability (and 
hence safety) were measured, including height, weight, foot and leg length, knee height, 
shoulder height, grip reach and the ascending and descending preferred step heights. 
 
Psychometric evaluation of attitudinal and behavioural responses 
A range of established psychometric tests were used to generate a portfolio of the individuals 
risk taking and hazard perception characteristics. In addition, a number of additional evaluation 
tools were devised to specifically challenge the subject’s comprehension of stepladder safety 
and use.  
 9 
A simple practical test was also undertaken to gain insight into each subject’s evaluation of the 
cost of compliance with safety instruction. Together, these tasks addressed issues of: 
1. Perceived risk 
2. Measures of ‘Sensation Seeking’ 
3. Hazard perception rating scales 
4. Behavioural compliance 
5. Cost of compliance 
6. Assessment of responses to symbols 
 
Focus groups 
Focus groups were held in groups of up to eight individuals. Initially following scripted 
questions, these sessions permitted individuals to discuss stepladder safety issues pertinent to 
themselves whilst providing valuable data on accident involvement, safety attitudes, experience 
and expectations. The two groups used in the trials are summarised in the following sections. 
 
3.1 DOMESTIC 
In total, 40 domestic users were selected at random from the subject database, the only selection 
criteria being age, sex and availability during the trials period. The age range selected was 18 to 
65 years to mirror the working population. The distribution of females to males was 1:4 to 
reflect the proportion of males and females observed in the accident records relating to 
stepladders. Subjects were advised that the trials would involve some physical activity and 
reaching, and that individuals with certain medical conditions were not suitable. In practice, 
only one individual retired from the trials, and they were replaced by another subject. 
 
3.2 PROFESSIONAL 
Ten professional users were selected at random from those responding to advertisements. All 10 
were male, probably more accurately reflecting the gender balance of stepladder use in the 
workplace. As previously mentioned, painters and decorators formed part of the subject group 
since these trades are over represented in accident statistics. Other professional users included 
maintenance engineers, site workers and emergency services personnel. The limited number of 
professional users was considered acceptable since untrained professionals would be adequately 
represented by the domestic user panel. 
 
Each subject was allocated 120 minutes per complete trial, covering anthropometric survey, 
paper-based tasks and dynamic trials. However, it was vital that participants did not influence 
each other’s perceptions or behaviour during the trial. 
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Accordingly, each participant’s arrival time was staggered so as to provide an overlap. This 
permitted participants to carry out all elements of the trial, with only minimal contact with each 
other. 
 
3.3 ANTHROPOMETRIC DATA RESULTS 
The data collected illustrate that both the domestic and the professional populations used were 
representative of the general population at large. Comparison is made with data representing the 
1st  to the 99th percentile UK adult (i.e. excluding 2% of the population). 
 
This was used in preference to the more normal 5th to 95th percentile range (i.e. excluding 10% 
of the population) on the basis of current design guidelines from the DTI (as featured in their 
publications ‘Childata’ and ‘Adultdata’ (DTI 1998  ADULTDATA. The Handbook of Adult 
Anthropometric and Strength Measurements & 1995  CHILDATA. The Handbook of Child 
Measurements and Capabilities) recommending an increased safety margin be used for safety 
critical products,. Details of the dimensions measured, and how they compare with the 1st  – 99th 
percentile data for the two populations are given in Table 1 and Table 2. 
Table 1 
Anthropometric and user function profile – domestic users 
 
Dimension Subject mean 1st – 99th percentile 
Weight 83.0 kg 53 – 110 kg 
Stature 1707 mm 1594 – 1918 mm 
Leg length (greater trochanter to sole of foot) 893 mm 795 – 1038 mm 
Knee height 533 mm 443 – 571 mm 
Shoulder height 1400 mm 1301 – 1601 mm 
Foot length (right) 263 mm 233 – 295 mm 
Foot length (left) 263 mm 233 – 295 mm 
Grip reach from shoulder 764 mm 641 – 832 mm 
Ascending step height mean 259 mm 107 – 293 mm 
Descending step height mean 125 mm 130 – 270 mm 
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Table 2 
Anthropometric and user function profile – professional users 
 
Dimension Subject mean  1st – 99th percentile 
Weight 82.4 kg 53 – 110 kg 
Stature 1765 mm 1594 – 1918 mm 
Leg length (greater trochanter to sole of foot) 888 mm 795 – 1038 mm 
Knee height 534 mm 443 – 571 mm 
Shoulder height 1459 mm 1301 – 1601 mm 
Foot length (right) 261 mm 233 – 295 mm 
Foot length (left) 263 mm 233 – 295 mm 
Grip reach from shoulder 769 mm 641 – 832 mm 
Ascending step height mean 249 mm 107 – 293 mm 
Descending step height mean 135 mm 130 – 270 mm 
 
3.3.1 Conclusions 
It can be seen that, with the exception of descending step height, all measurements fall within 
the 1st and 99th  percentiles, therefore indicating our population was representative of the 
population in general. Mean descending step height was artificially reduced by very low figures 
for a small number of individuals. Without these individuals the mean fell within the national 
norm. 
 
The data generated from the dynamic trials involving these individuals can therefore be 
considered as representative of that found in everyday use. Accordingly, any design criteria 
used in the construction and testing of stepladders should be based on the dimensions readily 
available for this range of individuals in order to ensure that the maximum levels of safety are 
provided with the minimum of excluded individuals. 
 
It should be noted that it is important to ensure that design of all products, but particularly safety 
critical ones should be inclusive. That is to say that by designing for the least able, all other 
users generally find a usability benefit. This can be seen in features such as step height, where 
designing for those with limited mobility facilitates use by the more able. Therefore, where 
there is variability available within a design, emphasis should be placed on making it fit the 
extremes of the population, rather than focussing on the ‘average’. 
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The results of the anthropometric and functional profiling can be found in Appendix 1 
(Domestic) and Appendix 2 (Professional). The procedure for the measurement of comfortable 
step height can be found in Appendix 3. 
 
3.4 PSYCHOMETRIC EVALUATION OF BEHAVIOURAL CHARACTERISTICS 
The range of paper based and practical tasks undertaken by subjects set out to address the risk 
taking disposition and risk perception capabilities of each individual. By utilising a range of 
established and more innovative testing methodologies, it was possible to create user ‘profiles’ 
reflecting their natural disposition towards hazard evaluation and risk management. The 
underlying causes of these attitudes were not explored, but will undoubtedly be, in some part, 
due to educational and cultural factors as well as possible genetic or dispositional components. 
The tasks and the data generated by each group undertaking them are detailed below. It was felt 
appropriate to discuss each result separately, rather than to present the discussion at the end of 
the section, for reasons of clarity. 
 
3.4.1 Hazard Perception And Rating 
Different people have very different perceptions of hazards which they associate with 
apparently ordinary items. In order to quantify this, accident data from the Home Accident 
Surveillance System (HASS, Department of Trade and Industry 2000  Home Accident 
Surveillance System including leisure activities: 22nd Annual Report 1998 data. Consumer 
Safety Unit, DTI. URN 00/32.) was presented, indicating the relative likelihood of receiving an 
injury requiring hospital attendance. Subjects were asked to rank the relative hazardous nature 
associated with the various objects, such as a splinter, a rug and a power drill. The true 
hospitalisation figures were chosen to give quite large ‘step’ changes, to identify if subjects 
could readily identify a truly hazardous item. Concealed within this data was the hospitalisation 
figure for ladders and stepladders. In this way, the comparative threat posed by stepladders 
when considered with other  objects could be appraised. 
 
The items and their associated hospital attendee figures are presented in Table 3. 
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Table 3 
Relative injury rates from everyday items 
 
Item Injuries 
Indoor stairs  230,200  
Splinter/grit/rust  27,557  
Knife  22,108  
Banister  15,233 
Stepladder/ladder  13,222 
Rug/mat 8,574 
Lawn mower  6,347 
Hammer 4,472 
Power drill  2,578 
Vehicle jack  937 
Pliers 273 
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Professional users 
Figure 1, below, shows the accuracy with which the professional users estimated the relative 
hazards. Generally, their perception was quite good, although banisters were consistently 
thought to be low risk, despite their ranking as the fourth most hazardous item. Other misjudged 
hazards were stairs and splinters, which were both under estimated and paint guns who were 
regarded as more hazardous than they really are. 
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Figure 1 
Professional user hazard perception scores 
 
Domestic users  
The data for domestic users is presented in Figure 2, below. Surprisingly, the hazard perception 
is almost identical to that of professional users, with very similar over- and under- estimation. 
This finding reinforces the idea that there is little difference in the underlying understanding of 
those who use stepladders in the course of a trade or profession and more casual users. 
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Figure 2 
Domestic user hazard perception scores 
 
Conclusions 
This result indicates individuals are quite adept at assessing relative levels of hazard for 
relatively familiar objects. However, there are some notable exceptions and these indicate that 
relying on a user’s initiative to determine hazardous items, and hence appropriate safety 
intervention, is not a good practice. A typical example would be to leave a potential stepladder 
user to determine whether a stepladder offers sufficient levels of safety for a given task, or 
whether a stage or tower might be more appropriate. The user is unlikely to be able to 
accurately assess the relative hazard levels and make a valid judgement. 
 
Despite these cautionary notes it is interesting that both groups recorded similar rankings and 
both were reasonably accurate at placing stepladders within those rankings. This suggests that 
users of all descriptions do not see stepladders as unrealistically safe or hazardous. Accordingly, 
the constantly high accident figures involving these products indicate that users know how 
dangerous stepladders are but continue to put themselves at risk for other reasons or 
motivations. The raw scores for professionals and domestic users can be found in Appendix 4. 
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3.4.2 Risk Perception Rating Scales 
Risk is the probability of a hazard being realised and, as such, represents the true threat to the 
individual. It is understood that individuals are extremely poor at determining likelihood of low 
risk events, and this causes them to place themselves in positions of peril. The scales used in 
this study were devised on the principle of a similar system used in the road safety arena, to 
analyse the subject’s perception of the likelihood of dying due to a variety of causes. There are 
large steps between the numbers of victims in each scenario, making the ranking relatively 
straightforward. This technique also illustrates the level of risk associated with activities that 
can be avoided, such as rock climbing, as opposed to clinical disorders which cannot, such as 
cancer. The chance of winning the lottery was included as a rogue variable, the likelihood of 
which was believed to be fairly well known by the public. 
 
In support of the risk perception rating, a further evaluation was made on the basis of stepladder 
and task threat. Here, a scale was used during the dynamic stepladder trials detailed in Section 7 
of this report. After each task on each stepladder, users were asked to rate their perceived levels 
of safety, to indicate how safe they felt during each task. This was intended to give an indication 
of the subjective stability of each stepladder.  
 
Risk perception scores 
Table 4 gives the range of events and their probability. As can be seen, stepladder accidents 
were again included, to see how well individuals could judge the true level of risk in 
comparison to other life threatening conditions. The probability data were all derived from data 
on the government website http://www.Ukonline.gov.uk. 
 
Table 4 
Risk perception rating 
Event Probability 
Dying of cancer 1 in 360 
Dying in a road accident 1 in 15,700 
Dying in a rock climbing accident 1 in 250,000 
Dying due to ladder accident 1 in 1,000,000 
Dying whilst white water canoeing 1 in 2,000,000 
Dying on a passenger aircraft 1 in 10,000,000 
Winning the jackpot in the lottery 1 in 14,000,000 
Dying from a lightening strike 1 in 15,000,000 
Dying on a fairground round 1 in 250,000,000 
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Professional users 
Figure 3 shows the ranking as given by the professional users against the true ranking. Again it 
can be seen that there is a good correlation, indicating that the professional users were able to 
accurately estimate the relative  risk of the activities. The least accurately predicted were rock 
climbing , which was underestimated and fairground rides which were over estimated. The relative 
risks of ladders were quite accurately estimated. 
 
This data should be seen in the light of the relatively high levels of publicity associated with death 
through cancer or  road accidents, for example. It is also the case that the odds on winning the 
lottery appear to be fairly well known, although the true likelihood seems to be less well 
understood given the number of individuals who play. 
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Figure 3 
Professional user risk perception scores 
 
Domestic users  
Domestic users also managed a highly accurate level of relative risk prediction, as seen in 
Figure 4. Similar to professional users, they over-estimated the risks associated with rock 
climbing whilst under estimating (somewhat more) the risks of fairground rides. Ladders were 
again very accurately estimated in terms of their risk. 
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Figure 4 
Domestic user risk perception scores 
 
Conclusions 
Both groups again managed to accurately predict the relative risks for the activities listed. This 
conflicts somewhat with popular belief that individuals are poor at estimating relativity of low 
level risk. However, some of the activities chosen are quite well publicised and this may give 
various benchmarks for risk assessment. The most interesting observation is that ladders were 
very accurately placed in the rankings by both groups. This would support the idea that users 
involved in accidents were aware of the risks but potentially took inadequate safety steps. It is 
normal that if a user is aware of the risk they better manage their safety strategy. However, it is 
understood that users are far more concerned with the potential severity of the injury than the 
likelihood of it occurring to them. The raw scores for professional and domestic users can be 
found in Appendix 5. 
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Stepladder and task rating scales 
This data shows the apparent level of risk perceived by the subject when undertaking tasks on 
each of eight different stepladders. It is intended to compare the perceptions of the domestic and 
professional users, rather than as a direct indication of the risk associated with the products. The 
scale used to generate the scores is shown below. 
 
Self-assessment form
How safe did you feel whilst carrying out this task?
Please circle a number between 1 and 11 after each task.
1 2 3 4 5 6 7 8 9 10 11
Very unsafeVery safe
 
 
Figure 5 compares the averaged scores of professional and domestic users, for each stepladder 
in turn. The higher the score, the more hazardous the task was perceived. 
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Figure 5 
Averaged risk perception score for professional and domestic users 
 
Domestic users have higher risk perception scores for all stepladders than professional users, 
except for stepladder B. 
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It is clear that all users perceived stepladder A to be more hazardous than any other stepladder 
across all tasks, although stepladder E also was perceived to be ‘risky’. The general pattern of 
perceived risk is very similar however, indicating that users can reliably evaluate first hand 
experience on the basis of risk in an objective fashion. 
 
Average risk perception score and age of users 
It is understood that there is a close correlation between age and injury when using stepladders. 
For this reason, a comparison was made of the two subject populations by comparing their age 
and risk perception. 
 
Professional users 
The relationship between age and average risk perception score was plotted in Figure 6. It can 
be seen from the trend line that there is a negative correlation. From this it can be observed that 
the older the users, the lower their risk perception scores. A Pearson r1 was calculated, which 
showed a strong negative correlation (-0.80). This shows that there is a clear relationship 
between the two variables, but further investigation is needed, with larger sample sizes in order 
to establish direct causation. This could be proposed as a discrete project in the future. 
 
However, it can be concluded that older professional individuals consider a given situation to be 
less risky than their younger equivalents. Whilst initially this may seem to go against 
conventional wisdom, it seems more valid when considering the effects of experience and 
familiarity. This could be a useful indicator of the means of accident causation. 
 
 
 
                                                     
1 Pearsons r (Pearson's correlation coefficient) a statistic measuring the linear relationship between two variables in a  
sample and used as an estimate of the correlation in the whole population. 
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Figure 6 
Scatter diagram of the professional user’s average perceived risk score and age. 
 
Domestic users 
A scatter diagram of the relationship between domestic users’ average perceived risk and their 
age shows a weak correlation. However, this is too indefinite to infer any relationship. 
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Figure 7 
Scatter diagram of the domestic user’s average perceived risk score and age 
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Conclusions 
Age was much more strongly correlated with their average risk perception scores for the 
professional users rather than domestic users. This indicates that the older the professional, the 
lower their risk perception, whereas the domestic users’ perception scores are variable across all 
ages. This may be related to the professional’s level of experience or training with stepladders. 
It is possible that professional users may either be taking undertaking less risky behaviour, and 
therefore perceive the tasks as less risky, or they are taking the same risks as all other users, but 
have a diminished sense of the level of threat of the task.  
 
3.4.3 Measures Of Sensation Seeking 
This is a recognised trait defined by Zuckerman (1994) as the seeking of varied, novel, complex 
and intense sensations and experiences, and the willingness to take risks to achieve such 
sensations. The measure of sensation seeking is an important behavioural variable to quantify, 
as it allows the performance of the participant to be understood in terms of norms of behaviour, 
which then places the individual in a rank of likelihood to take risks. 
 
The Zuckerman scale is a relative scale, i.e. the empirical values on their own do not have merit. 
The great benefit lies in the comparative scores between individuals in a given population. 
Using this score it is possible to correlate personality traits with behavioural traits, such that the 
Zuckerman score could be used as a precursor to risk taking and hence accidents. 
 
The complete set of Zuckerman questions used for this task are shown in Appendix 6. 
 
Professional users 
The average sensation seeking score for professional users was 17, with a standard deviation 
(SD) of 5.81. A scatter diagram was plotted (Figure 8), which shows a negative correlation. A 
Pearson r test was carried out which showed a moderate correlation (-0.459); the older the 
participant, the more likely they are to have a lower sensation score. This agrees with previous 
research by Zuckerman (1994). It is also interesting to note that the slope of the trend line is 
quite similar to that of the domestic users. This suggests that older users will behave in a less 
risky fashion, which accounts for their score in the previous risk perception task. 
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Figure 8 
Scatter plot of professional user’s age and sensation seeking score 
 
Domestic users 
The average sensation seeking score is 18, with a standard deviation (SD) of 7.34. The scatter 
diagram (Figure 9) shows a negative correlation, and a Pearson r test confirmed this; showing a 
weak trend (-0.372). This implies that older users are less sensation seeking. 
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Figure 9 
Scatter plot of domestic user’s age and sensation seeking score  
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Conclusions 
When the two results are compared, professional users have a lower sensation seeking score, 
with a slightly lower standard deviation. These results suggest that professionals become 
slightly less sensation seeking as they get older. However, this does not occur for domestic 
users, whose scores appear to be almost randomly distributed. This may account for the over-
representation of older individuals in domestic accidents. It is possible that the professional 
users have more experiences of the negative consequences of risk-taking behaviour, and thus 
adapt their sensation seeking behaviour accordingly. The raw scores for sensation seeking and 
sensations seeking paired with age for professional and domestic users can be found in 
Appendix 7 and 8. 
 
3.4.4 Behavioural Compliance 
Behavioural compliance is a major influence on the safe use of products and systems. It is 
represented by the extent to which the stated intentions of a participant matches their true 
behaviour. Its effects are seen routinely in accident causation, where accident victims report 
knowing that they were doing something wrong, but continued doing so. It is believed that 
behavioural compliance is linked to both the individual’s perceived ‘immunity’ from accident as 
well as the cost, financial or otherwise, in undertaking a task in the correct manner. In this 
respect, certain individuals are thought to be predisposed to poor levels of behavioural 
compliance. These would typically be people who felt they had high skill levels, were in control 
of their actions or destiny, and who felt that the task could be swiftly or cheaply executed 
satisfactorily. 
 
The most common means of addressing the issue of behavioural compliance is to incorporate 
warnings onto or into a product. Unfortunately, the general standard of warning wording and 
placement is poor, leading to low levels of acknowledgement by the user. For warnings to 
influence behaviour they must be noticed, read, understood and acted upon. Whether or not this 
occurs depends on the attitudes and actions of the individual, as well as the context in which 
they are encountered and the message itself. Clearly, warnings need to be timely, easily 
identified and widely comprehended. For this reason pictograms are often favoured. 
 
As part of this investigation, a task was devised to assess individual’s preparedness to follow 
instructions that were available, but which were not the easiest means by which the end-point 
could be reached. In order to ensure that sufficient motivation was injected, the task had to be 
safety critical. It was also essential that the task was within the capabilities of all participants. 
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Wiring a domestic plug was selected as an appropriate task, when used in conjunction with a 
selected electrical appliance. Participants were provided with a desk light and trailing 3 core 
lead. A separate three pin plug was supplied, which was fitted with a 13 amp fuse. A selection 
of other rated fuses were supplied, as was a comprehensive tool kit, including a knife, wire 
strippers, screwdrivers, etc. 
 
Instructions for correctly wiring the plug were detailed on a card attached to the plug. Details of 
the correct fuse rating was detailed on the reverse of the fuse packets. Participants were 
instructed to fit the plug such that it would be safe for use in a child’s bedroom. The participants 
were then observed and their actions recorded. These included whether the correct tools were 
used (i.e. wire strippers rather than knife etc.) as well as whether the plug was wired correctly 
and whether the correctly rated fuse was fitted. At the end of the trial the fitment was assessed 
and the participant questioned as to whether they would be happy for the item to now be used. 
 
Professional users 
It was anticipated that professional users would be more aware of the safety requirements of this 
task and would produce a better score. This group managed to correctly perform 3 out of a 
possible 5 safety steps. However, eight out of the ten users did not check any safety information 
on the appliance at all. This may be due to familiarity, but could still potentially lead to a 
significant hazard. 
 
Domestic users 
Domestic users also achieved an average score of 3 out of a possible 5 safety steps. Half of the 
participants checked safety information during the task, suggesting that they would be correctly 
informed. However, this did not translate directly into safer behaviour. One participant wired 
the plug so badly as to be life threatening (Figure 10). 
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Figure 10 
Defective wiring on plug during behavioural compliance task 
 
Conclusion 
Professionals referred to safety guidelines less than domestic users during the practical task. 
This is probably an indicator of the familiarity of the task to the professionals; the more familiar 
the task, the less the need to check instructions. However, this failure to check could lead to 
significant hazards in use if the task looks familiar but is, in fact, novel. 
 
Domestic participants checked safety information more regularly, but still did not manage to 
elevate their safety score. This suggests that there was either a lack of comprehension of the 
safety information or a reluctance to act on it. 
 
These results suggest that training or experience exposure for professional users reduces the 
value of on-product warnings. Stronger measures may be needed to change a professional’s 
behaviour. Domestic users may respond better to warnings, but care must be exercised over the 
wording and placement to ensure comprehension and action are forthcoming. 
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It is interesting to note that all users were happy for the appliance to be used, even if it 
contained significant flaws. None said that they would have their work checked. The scores for 
each subject are contained in Appendix 9. 
 
3.4.5 Time To Notice And Cost Of Compliance 
If recipients never attend to a warning message, the warning can have no effect. Similarly, a 
recipient may well attend to a warning but reject its message because he or she does not believe 
it, or the cost of compliance with it is perceived as greater than the benefit. In unfamiliar 
situations or when warning information is not well known, recipients are more likely to attend 
to a warning. Thus, the likelihood of attending to a warning appears to be influenced by the 
interaction of two characteristics of users: their perception of the risk associated with a product 
or situation and their familiarity with the product or situation. As with testing behavioural 
compliance, the cost of compliance can be manipulated by changing the ease with which 
subjects can comply with the necessary safety instructions. It is then possible to see at what 
point the cost of compliance becomes too great and users risk the consequences. 
 
Cost of compliance is extremely difficult to estimate, and would require extensive testing 
outside the remit of this project. However, in order to gain an estimate of the cost of 
compliance, participants were asked whether they would use a given stepladder for a task, 
despite knowing that it was unsuitable and that an alternative product should be obtained. This 
was undertaken as part of the subject interview. 
 
In addition, the opportunity was taken to undertake a very simple examination of the 
effectiveness of warning position in empowering users to make better safety choices. In this 
instance, alternative warning information was constructed and attached to three stepladders. 
This was located on the steps (facing the user), on the side of the stile, or on the underside of the 
top platform. These warnings can be seen in Figures 6, 7 and 8. 
 
Participants were shown the stepladders and asked whether they would contemplate using them 
for tasks that were specifically prohibited in the instructions or warnings, e.g. ‘Do not use to 
access loft’. Their response was noted as in indicator of the effectiveness of the warning label. 
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The three stepladders, bearing the warnings, were identified as: 
 
· Stepladder 1 – Using the stepladder sideways on to drill a hole. The warning against this 
was located on the side of the stepladder stile and took the form of a typical pictogram 
(Figure 11). 
· Stepladder 2 – Using the stepladder to access a loft. The warning was located on the front of 
the stepladder steps (Figure 12). 
· Stepladder 3 – Using the stepladder to reach out to the side. The warning was located under 
the platform (Figure 13). 
 
 
Figure 11 
Side warning labels (Stepladder 1) 
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Figure 12 
Front warning labels (Stepladder 2) 
 
 
Figure 13 
Under-platform warning labels (Stepladder 3) 
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Of the original trial participants, 5 professional and 34 domestic users took part in this task. 
There results are indicated in Table 5. The figures indicate the number of individuals who were 
prepared to undertake the stated task despite there being an express warning to the contrary. The 
relevant percentage scores have been calculated for the two participant groups, and the 
aggregated data is also shown. 
 
Table 5 
Users willing to undertake tasks warned against 
 
 Professional % Domestic % Total % 
Stepladder 1 4 80 21 61.8 25 64.1 
Stepladder 2 4 80 24 70.6 28 71.8 
Stepladder 3 3 60 21 61.8 24 61.5 
 
In practice virtually all individuals searched for, and found, the warning information, though 
this was probably due to the environment in which they were undertaking the task which made 
them more cautious. In some respects this makes the resultant scores worse, since the users 
were fully aware of the prohibition of use. 
 
From the data it can be seen that  professional users were much more prepared to undertake the 
given task. The prevalent attitude was that they would ignore safety advice if it was important 
that the task were done. From later discussion in the focus groups, it emerged that the overriding 
consideration was not the likelihood of injury, but the likelihood of being caught using the 
stepladder in an inappropriate fashion. 
 
Domestic users were less likely to use the stepladder in contradiction to the warnings. However, 
even then the majority would do so. In total, between 60 % and 70 % of those asked said they 
would ignore the safety advice. 
 
Conclusion 
This data illustrates the limited potential that the safety information has for changing behaviour. 
Even when they read and comprehended safety instructions, the majority of users were prepared 
to ignore it to get the job done. This suggests that effective stepladder safety measures must be 
inherent in the design, rather than at the user’s discretion. 
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This also illustrates the curious paradox where experienced users continue to place themselves 
at risk, despite knowing that their behaviour is hazardous and that it may lead to an accident. 
However, further examination of this trend is beyond the scope of this study. 
 
3.4.6 Assessment Of Responses To Pictograms And Symbols 
Much of the safety information accompanying, or attached to, stepladders takes the form of 
pictograms. These can be very effective providing their meaning is readily understood. The 
most comprehensive test of symbols is that laid down by the American National Standards 
Institute in ANSI Z535.1 to .4 -1991 (ANSI – 1991). This uses a panel test to determine whether 
the meaning of a pictogram has been effectively comprehended and gives values representing a 
pass or fail. 
 
The test used in this research was based on this and intended to provide an objective empirical 
approach for evaluating the success of the pictogram messages which normally accompany 
stepladders. 
 
These images appears through their universal application to be accepted throughout the 
stepladder industry and by the British Ladder Manufacturer’s Association, the trade body who is 
drawn from and represents the industry. There appears to be little other published work on the 
effectiveness of these images. 
 
The primary criterion of this test is comprehension: i.e. the ability to clearly convey the 
intended message . The test requirements applied were: 
· 50 participants, representative of the final users of the product; and 
· an acceptance level of more that 85% correct responses. 
 
The test format is to present the pictograms with a range of plausible meanings. The participant 
must select the correct interpretation for the pictogram to be considered as effective. The 
pictograms used in this appraisal are shown in Figure 14 and the results for all the subjects are 
presented in Table 6. 
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Picture 1 
 
Picture 2 
 
Picture 3 
 
Picture 4 
 
Picture 5 
 
Picture 6 
 
Picture 7 
 
Picture 8 
 
Picture 9 
 
Picture 10 
 
Picture 11 
 
Picture 12 
Figure 14 
Pictograms used for appraisal 
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Table 6 
Scores for correct pictogram interpretation and ANSI pass/fail 
 
 Professional Domestic 
Pictogram Percentage Result Percentage Result 
1 90 Pass 100 Pass 
2 70 Fail 72.5 Fail 
3 90 Pass 95 Pass 
4 100 Pass 97.5 Pass 
5 0 Fail 17.5 Fail 
6 60 Fail 62.5 Fail 
7 100 Pass 95 Pass 
8 60 Fail 52.5 Fail 
9 30 Fail 37.5 Fail 
10 40 Fail 32.5 Fail 
11 100 Pass 65 Fail 
12 60 Fail 62.5 Fail 
Average 66.7 5 out of 12 65.8 4 out of 12 
 
Professional 
For professional users, only five of the possible twelve pictograms conveyed their correct 
meaning, as represented by scoring more than 85%. This group scored less than 85% on 7 out of 
12 of the pictograms, with an average score of 66.7%. Of particular interest was pictogram 5 
(Figure 15) which no individual correctly identified. 
 
 
Figure 15 
Pictogram 5, which was not identified  
correctly by any professional users. 
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This pictogram is intended to convey the message to the user that they should not use the 
stepladder to access a loft. However, the answers chosen by them were equally split between the 
following: 
 
· Do not step on the top platform of stepladder. 
· Do not stand on the top platform of the stepladder. 
 
Some of the pictograms were more successful, however, and 100% of professional users were 
able to achieve correct identification of 3 of the pictograms (Pictogram 4 – only one user; 
Pictogram 7 – do not overreach; and Pictogram 11 – do not use if damaged). 
 
Domestic 
Domestic users were less clear as to the meaning of the pictograms. They scored less than 85% 
on 8 out of 12 pictograms, with average score of 65.8%. These pictograms would therefore have 
failed to meet the requirements of the ANSI test. This finding has important safety 
consequences since the warning labels are often the only instructions which accompany a 
stepladder. Professional users have the benefit of training and instruction, whilst domestic users 
must rely on their own understanding. If the pictograms fail to convey the correct message, 
these users could be placed at risk. 
 
Domestic users did record 100% correct interpretation of one of the pictograms (Pictogram 1, 
depicting that the user should not lean the stepladder against a wall), and 95% or over on a 
further 3 (Pictogram 3 – do not carry near power cables; Pictogram 4 – only one user ; and 
Pictogram 7 – do not overreach). 
 
Conclusions 
The marks across the two user types were quite similar. However, the professionals scored 
slightly higher on average than domestic users. It is interesting to note that according to the 
results, only 4 pictograms passed the test criterion of 85%. Of those that failed, three did not 
even achieve 50%. However, with the exception of Pictogram 11, those pictograms that passed 
were understood by both types of users, which indicates that they are successful for the target 
group for which they are intended. These results have been aggregated into a single table (Table 
7) which shows that the vital safety message contained within these pictograms is only likely to 
succeed in being comprehended for four of the twelve leaving users exposed to a wide diversity 
of unsafe scenarios through a lack of understanding. 
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Table 7 
Table of aggregated results of Pictograms 1 to 12 
 
Pictogram Percentage correct 
identification 
Result 
1 98 Pass 
2 72 Fail 
3 94 Pass 
4 98 Pass 
5 14 Fail 
6 62 Fail 
7 96 Pass 
8 54 Fail 
9 36 Fail 
10 34 Fail 
11 72 Fail 
12 62 Fail 
 
 
Of particular interest is Pictogram 11, which depicts a message not to use a stepladder which 
has been damaged. Domestic users only scored 65%, whereas professionals scored 100%, which 
suggests that training or instruction may be an effective tool for raising individual’s awareness 
of this issue. However, more effective illustrations may be necessary to protect domestic users. 
 
 
 
Figure 16 
Pictogram 11  
 
Generally, the effectiveness of all the pictograms was low with users unclear as to the meaning 
and hence appropriate action. This, along with the poor location of user information, suggests 
that many users are undertaking tasks with stepladders without any safety information at all. 
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3.4.7 Assessment Of Perception Of ‘Reasonable Use’ 
This test was devised in order to understand the level of knowledge of users with regard to 
acceptable practice on stepladders. 
 
A range of stepladder use scenarios were set up and photographed. Each scenario contained an 
aspect of use which is prohibited within the normal instructions and warnings. Without having 
seen the warnings, the users were asked as to whether they considered that the task depicted was 
reasonable, i.e. would they undertake it?  This would provide two levels of information. Firstly, 
an assessment of how widely the general information concerning safe stepladder practice was 
understood and, secondly, whether individuals could accurately identify hazardous behaviour 
even if they had not been expressly warned against it. The photographs are shown below in 
Figure 17, and the number of individuals correctly identifying each as unreasonable detailed in 
Table 8. 
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Figure 17 
Tasks indicating reasonably foreseeable misuse 
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The unsafe activities were: 
· Picture A -  Standing on top platform 
· Picture B -  Walking down steps facing the wrong way 
· Picture C -  Using the stepladder leaning against a wall 
· Picture D -  Standing with only one foot on the stepladder 
· Picture E -  Using the stepladder to step onto a higher platform 
· Picture F -  Using the stepladder parallel to the workpiece 
· Picture G -  Overreaching 
· Picture H -  Using the stepladder on uneven ground 
· Picture I -  Using the stepladder to access a loft space 
· Picture J -  Using a circular saw at the top of the stepladder 
· Picture K -  Standing on the top guard rail of the stepladder 
 
Table 8 
Correct identification of unsafe stepladder use 
 
Image Professional Domestic Total % 
Picture A 7 26 33 66 
Picture B 7 14 21 42 
Picture C 10 35 45 90 
Picture D 10 38 48 96 
Picture E 10 35 45 90 
Picture F 7 34 41 82 
Picture G 10 35 45 90 
Picture H 5 15 20 40 
Picture I 10 39 49 98 
Picture J 9 37 46 92 
Picture K 3 11 14 28 
 
 
From this data it can be seen that Task B, H and K were thought as reasonable by over 50% of 
the participants (professional and domestic combined). These tasks were: 
· Walking down the steps facing the wrong way 
· Using the stepladder on uneven ground 
· Standing on the top guard rail 
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Task A, standing on the top platform, was also considered as reasonable by 44% of all 
participants. 
 
These results seem to indicate a large similarity between professional and domestic users, with 
the exception of the correct way to descend a stepladder. Here, the professional users were 
much more aware that facing away from the stepladder was unsafe. 
 
However, the perception of the task as a whole was not interrogated – the participants were only 
asked whether the image represented reasonable use, so there may have been some personal 
interpretation of the scenarios. Despite this, it remains clear that many users consider unsafe 
activities to be ‘reasonable use’ and that in these areas the safety message is failing. 
 
The data was further analysed by type of participant and correlated with a number of other 
variables to identify any trends, as detailed below. 
 
Professional users 
Professional users correctly identified an average of 8.8 out of 12 tasks as unsafe, with a 
standard deviation of 1.1. There was only a negligible correlation between reasonable use scores 
and age (0.07), and sensation seeking (0.07). However, there was a slightly greater, although 
still minimal negative, correlation with hazard perception (-0.12). This may indicate that more 
experienced users undertake less risky behaviour on stepladders, or that they perceive using 
stepladders to be less hazardous. 
 
Domestic users 
Domestic users correctly identified an average of 7.5 out of 12 tasks as unsafe, with a standard 
deviation of 3.7. 
 
There was only a negligible correlation between reasonable use and age (-0.05) and reasonable 
use and sensation seeking score (0.12). Yet, there was a weak correlation between reasonable 
use and hazard perception (0.34), as shown in Figure 18. This suggests that individuals who 
were best able to perceive hazards could more accurately identify misuse. Whilst apparently 
obvious, this does support the premise that knowledge can be applied to new circumstances, or 
the value of what is typically referred to as ‘common sense’ in safety practice. 
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Figure 18 
Scatter diagram of average hazard perception and reasonable use scores 
 
Conclusions 
On average, professional users correctly identified slightly more pictograms than domestic 
users, which is to be expected as they generally undertake training in the correct use of work 
equipment (50% of the professional participants in this study recalled having any formal 
training). However, neither group achieved full marks, and the highest score (11) was achieved 
by a non-trained domestic user. The minimal negative correlation (-0.12) between professional 
hazard perception scores and reasonable use scores bears some comparison to the correlation 
between hazard perception and age (-0.8). This may imply that age or education/experience 
benefits the user’s perception of hazard. 
 
Domestic users demonstrated a higher, although still weak correlation (0.34) between 
reasonable use scores and hazard perception scores. This implies that the more 
educated/experienced the domestic user, the higher their perception of hazards when using a 
stepladder. This may be the result of cumulative experiences creating a greater awareness of the 
potential hazards of stepladder activity. 
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3.5 FOCUS GROUPS 
In order to gather data outside of the testing programme, and to elicit some subjective or 
anecdotal information, all of the users were invited to attend one of five focus groups. The 
groups were held with up to eight participants in each, and were restricted to either professional 
or domestic users. In total, 5 professional users contributed (50% of the original sample) and 34 
domestic users (85% of the original sample). 
 
Each group was challenged with a number of predetermined questions, intended to stimulate 
discussion and obtain additional data. The results have been summarised below. The 
participant’s responses have been heavily edited for brevity and since much of the content of the 
discussions was unsubstantiated or of limited relevance. Where appropriate comments were 
made, they have been included in the following section. 
 
3.5.1 Key Findings Of The Focus Groups 
 
1. Have any of you ever fallen from a stepladder? 
· On average 1 people in every focus group had fallen from a stepladder – 5 in total. 
 
2. What were you doing at the time? 
· Most of the people that had fallen admitted it was due to overreaching. The 
following is a typical example of the responses: 
· “…I was trying to reach something that was almost out of reach without moving the 
stepladder”. 
 
3. Did it have any safety information on it? 
· Domestic users cannot remember seeing any safety information on stepladders. 
· Professional users were quite accurate, describing weight limits, angle of usage, not 
to overreach. 
 
4. Should a stepladder have warnings? 
· All participants agreed that a stepladder should have warnings.  
 
5. If you bought a new stepladder, would you read the leaflets? 
· Most domestic users would not read the warnings. 
· Professional users were split 50:50 as to would read, and would not read.  
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6. Where should the warnings be? 
· The warnings should be very visible, but also not liable to be covered with paint or 
scratched off. 
 
7. Would you read them? 
· “If you use stepladders day in day out,  you don’t do you?”. 
· “I don’t think anyone here would look at the instructions on the stepladder”. 
· “I might look at it if I bought a new one”. 
· All agreed that if information was etched on, or attached to, the stepladder they 
would be more likely to read it. 
 
8. Are there any circumstances under which you would ignore the warnings? 
· If they had to get a job done, all participants said they would “use their common 
sense”, overruling the warnings if necessary. 
 
9. Is there anything about stepladder design that frustrates you at the moment? 
· “Stepladders need to be more stable”. 
· “Stepladder must be versatile and adaptable for different jobs”. 
 
10. Is there anything manufacturers should do to help you avoid stepladder accidents? 
· Sharp corners on aluminium stepladders. 
· Too narrow steps. 
· One of the participants thought that some step stepladders were too tall which 
makes them more dangerous. 
· The taller the stepladder the wider the base should be. 
 
11. Do you know of any standards that exist to protect your safety? 
· All users assumed that stepladders were covered by British Standards. 
 
3.5.2 Conclusions 
A surprising number of the participants admitted to falling from a stepladder, most citing 
overreaching as the main cause. This supports the cost of compliance problems, since they 
stated that they had just tried to reach a bit further despite knowing they should have 
dismounted the stepladder and moved it. 
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Domestic users were largely unaware of the presence of safety information on stepladders, 
though professionals were much more aware. Paradoxically, all users wanted more warnings 
and information but few said that they would read them or act on them. 
 
Most users said that they would override safety information if ‘the job needed doing’ or if they 
felt they could rely on common sense. This strategy is seen in other product groups and is 
usually ineffective. 
 
Users wanted stepladder manufacturers to provide greater stability and more flexibility in the 
nature of product use, suggesting a need for more ‘combination’ type of products. This may 
raise new safety issues since different safety information may apply to the different modes of 
use, and the user may have to self determine the correct mode for a given task. 
 
Current stepladder products were generally thought to be too tall and needed wider bases. This 
was felt to offer a greater degree of safety. However, all participants assumed that every 
stepladder would be covered by an appropriate standards which would ensure some minimum 
safety provision. 
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4.0 STEPLADDER REVIEW, CHOICE AND PROFILE 
 
 
A review was undertaken of the stepladders available in the UK market. The stepladders 
selected for the trials were seven of the most common. In addition, a pair of wooden steps was 
also selected. Table 9 lists and gives brief description of the eight stepladders used in the trials. 
A more thorough specification can be found in Table 10. A short summary description of each 
of the stepladders is contained in the following sections. 
 
Table 9 - Description of the eight stepladders used in the trials 
 
Stepladder Description Class Top step 
height 
A 3 way, aluminium combination Class 3 1700 mm 
B Industrial swingback steps – 10 tread Class 1 2370 mm 
C Aluminium stepladder – 7 tread Class 3 1565 mm 
D Aluminium stepladder Class 1 1545 mm 
E Timber builder’s steps - 10 tread Class 1 2395 mm 
F Light trade steps BS EN 131 1795 mm 
G Fibreglass stepladder 300lb load 2330 mm 
H Double sided steps Class 1 1953 mm 
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4.1 STEPLADDER A 
 
Figure 19 
Stepladder A used in the trials 
 
Stepladder A is a very popular model of combination stepladder. It can be used as a leaning 
ladder, a stepladder or in a configuration known as a stair ladder. The stair ladder configuration 
effectively permits the pairs of ladder feet to be placed at different heights. Through this facility 
the ladder may be used whilst on stairs, providing the capacity to be a valuable tool in 
decorating stair wells etc. However, this mode of use would bring its own range of specific 
hazards which need to be brought to the attention of the user. 
 
The stepladder is designed to comply with BS2037 Class 3, giving it ‘domestic’ status. It has a 
maximum step height of 1700 mm when opened and is accessed, in stepladder mode, via 5 
treads on the front side. There are 6 treads on the rear, the top one of which is the practical 
upper surface of the stepladder. 
 
The stepladder is manufactured from aluminium extrusion and is fitted with rubber covers at the 
feet and horns. When erected in the manner of a stepladder, two polymer mouldings serve to 
keep the legs apart. These are locked via small moulded pegs. 
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4.2 STEPLADDER B 
 
Figure 20 
Stepladder B used in the trials 
 
Stepladder B takes the form of swing back steps, not having any treads between the rear stiles. 
This is a robust stepladder with rigid braces to keep it in the open position and cross bracing of 
the lower step, alternate front steps and between the rear stiles. There is no top platform, but the 
upper margins of the front and rear stiles converge to form a relatively large surface. 
 
The stepladder reaches a maximum step height of 2370 mm, accessed by 10 steps, the last of 
which is formed from the upper platform structure. It is designed to comply with BS2037 Class 
1, making it suitable for heavier industrial tasks. Curiously, a sticker was attached to the side of 
the stepladder indicating the correct angle of lean normally associated with leaning ladders. No 
additional information was provided and it was not clear whether the intention was that this 
ladder could be used in a leaning mode. 
 
The bottom of each stile is capped with a moulded foot. 
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4.3 STEPLADDER C 
 
Figure 21 
Stepladder C used in the trials 
 
Stepladder C is a relatively short, lightweight stepladder, with a maximum height of 1565 mm 
to the top platform when open and ready for use. It has 7 steps, including the swing down 
platform at the top which serves to lock the stiles in position when erected. This platform is 
backed up by two fabric straps which run between the front and rear stiles and prevent them 
from splaying. 
 
This stepladder features a large top guard rail, formed as part of the front stiles. This is intended 
to assist the user, but offers the potential to be used as an  additional step or to invite the user to 
stand on the top platform. 
 
This stepladder is designed to comply with BS2037 Class 3, making it intended for domestic 
use. All of the feet are capped in moulded cups. 
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4.4 STEPLADDER D 
 
Figure 22 
Stepladder D used in the trials 
 
Stepladder D is a relatively simple design of stepladder, reaching 1545 mm the platform which 
forms the highest step when the stepladder is ready for use. It has seven steps on the front stiles, 
including the platform, and none on the back stiles, though these are cross braced. The stiles are 
locked in place via a swing down platform and a pair of metal braces between the front and rear 
stiles. 
 
The front stiles of the stepladder  extend up to form a guard rail, again offering the potential for 
the user to stand on the top platform. The stepladder feet feature moulded caps. 
 
This stepladder is designed to comply with BS2037 Class 1, making it suitable for industrial 
applications, although it is clearly of lighter construction than some of the other industrially 
rated models in this appraisal. 
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4.5 STEPLADDER E 
 
Figure 23 
Stepladder E used in the trials 
 
Stepladder E is the only wooden stepladder, clearly intended for the trades person. It is designed 
to comply with BS1129 Class 1, which relates to portable timber stepladders and suggests that it 
is suitable for industrial use. This stepladder is very heavy compared with the aluminium 
versions and its handling requires care. 
 
The design is simple, with the 10 stepladder steps (including the top platform) being augmented 
by metal tie bars to keep the stiles apart. When ready for use, the top step is at a height of 2395 
mm. The front and rear stiles are kept in the splayed position solely by their placement, there are 
no interlocks. The stiles are prevented from splaying too far by a pair of cords which act in 
tension. 
 
There are no steps on the rear stiles, though they are braced, and there is no provision of a 
platform at the top. The feet are uncapped. 
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4.6 STEPLADDER F 
 
Figure 24 
Stepladder F used in the trials 
 
Stepladder F is unusual in that it provides a pair of handrails adjacent to, and parallel with, the 
upper surface of the front stiles. These provide an additional, easier to grasp, handhold for the 
user. Moulded hand grips are also included at the upper margin of the rails. These are located 
above the top platform. 
 
The top platform serves to lock the stiles in their correct position, and these are prevented from 
splaying by the provision of two straps. The rear stiles do not feature any steps, but are braced 
for strength. The front stiles have 8 steps, including the platform which is located at 1795 mm. 
The front stiles are extended up to form a guard rail, which may encourage users to stand on the 
top platform. The stile feet are capped. 
 
This stepladder is designed to comply with EN131, indicating that it is intended for light trades 
use. This Standard places some additional requirements on the stepladder than does BS 2037, 
though this does not include the provision of hand rails. 
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4.7 STEPLADDER G 
 
Figure 25 
Stepladder G used in the trials 
 
Stepladder G features stiles made from glass fibre, making it suitable for use where there are 
electrical hazards. This is a very robust stepladder, which is quite heavy and requires care in 
handling. 
 
The front stiles feature 7 aluminium steps plus a moulded top area (which features an embossed 
warning to users not to stand on it). This is matched by 7 similar cross braces on the rear stiles 
which have gussets for strength. The moulded top 2330 mm in height when the ready for use 
and the stepladder is rated to carry a maximum load of 300 lb. This makes it suitable for 
industrial use. Neither EN131 or BS2037 are appropriate standards for this stepladder. A 
standard, EATS 13/1 1987, does exist in the UK which covers portable glass fibre stepladders 
and steps, but it was unclear whether this product was claimed to comply. 
 
The stiles are locked in use by a pair of hinged aluminium cross braces, and the bottom of the 
stiles are protected by aluminium feet with a rubberised lower surface for grip. 
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4.8 STEPLADDER H 
 
Figure 26 
Stepladder H used in the trials 
 
Stepladder H takes the form of double sided steps, that is to say that the front and rear pairs of 
stiles appear to feature identical steps. The 8 steps at the front and 8 at the rear include a pair of 
top panels, which provide a rudimentary platform. The height of this platform in use is 1.953 
mm. 
 
The stepladder is made from aluminium and the construction is robust, making it heavy. Caution 
is needed when handling this product. The stiles are capped with moulded feet and are locked in 
use by a pair of metal braces. The bottom step on each pair of stiles is also braced. 
 
The stepladder is designed to comply with BS 2037 Class 1, indicating that it is suitable for 
industrial use. 
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5.0 STABILITY TRIALS 
 
 
The main stability trials are summarised in Section 7.1 and described in more detail in the 
subsequent sections. A fully detailed description of the equipment and data manipulation is 
contained in the separate Technical Report, which discusses the engineering principles. 
 
5.1 OVERVIEW 
The mechanical test programme was more straightforward than the determination of the user 
characteristics and was based on established techniques pioneered and developed by RICE. The 
final data is statistically valid and will bear scrutiny by other agencies. 
 
Comparison of static and dynamic force profiles 
Much of the safety provision associated with stepladders is controlled by static test 
requirements. It is important to understand the relationship between the demands of a static test 
and the demands of the task or loading it is meant to represent. For instance, a static load on a 
tread may be specified to support the weight of a 95th percentile male, which would seem 
appropriate. However, from previous RICE work (Research Programme into the Need for 
Dynamic Testing of Domestic Ladders. Research Institute for Consumer Ergonomics (RICE) 
report for the Consumer Safety Unit, DTI. 1997) it is known that such users may typically load 
the system with up to 1½ times their mass, or even greater in certain circumstances. 
Accordingly, once a safety margin is included, the requirement may be far higher than originally 
imagined. 
 
Comparison was made between currently specified static test requirements, represented by 
stepladder products compliant with the current standards, and the dynamic force profile which 
can be mapped from the user. Estimations were then made of the level of safety margin, or 
otherwise, that stepladders provide. This information was used to substantiate the requirements 
of the performance test specification. 
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Once the test program was finalised, it was challenged by undertaking limited pilot trials which 
did not form part of the main data gathering exercise and consequently are not separately 
reported. These pilot trials illuminated several areas which were not adequately considered, and 
allowed some degree of iteration in the development of the test. It was hoped that it would be 
possible to identify an algorithm or model which would adequately relate footprint and force 
resistance, such that predictions could be made of as yet untested stepladder designs, as well as 
offering a means of quantifying stepladder performance more easily. 
 
Pilot trials 
The pilot trials were conducted using RICE staff to test the equipment, the suitability of the 
tasks devised and the validation of the test rig and metrics. Some of the original proposed tasks 
were refined following discussion with the HSE. In addition, the test rig itself required some 
considerable development to ensure sufficient stiffness and reliability. 
 
Main stability trials 
Following the pilot study, the finalised trials were staged and the data collected. A selection of 
the most common stepladders currently available in the UK market was tested, and challenged 
with the performance specifications identified for the various user categories. 
 
Subjects drawn from RICE’s database were recruited for the main trials. Ethical approval was 
not necessary for these trials provided participants were supplied with appropriate safety 
equipment, were adequately briefed about the tasks involved and felt free to control their 
actions, or even leave the trials. 
 
From the data generated by these trials, it was possible to determine whether the level of 
stability and security offered by current UK stepladders is adequate. Furthermore, it was 
possible to show the true forces and stresses placed upon a stepladder system under conditions 
of ‘reasonable use’. It is hoped that this will further provide information which will clarify the 
position on alleged stepladder failures, where consumers report collapse of a stepladder or 
component. 
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Data analysis 
Following completion of the trials, the data were sanitised and refined before being analysed. 
The analysis was intended to provide several clear outputs: 
 
· The absolute performance of each of the stepladders. 
· The capacity of each of the stepladders to meet the needs of the consumer when used 
reasonably. 
· Specific safety information pertinent to each example, such as tip instability and slip 
resistance values. 
· The overlap between the performance of the stepladder and the performance requirements 
of the various user categories identified earlier. 
· Sufficient data to enable system models to be produced at a later date if required. 
 
The data were validated and rigorously checked to ensure robustness. All derivations are 
presented such that the analysis process can be scrutinised by third parties. 
 
Test Specification 
On completion of the analysis it was possible to determine the parameters that must be 
considered for a performance test intended to ensure adequate safety for stepladder stability. 
These key variables were identified from the data processing, and appropriate values were 
derived. Where possible, these were compared to, and contrasted with, current requirements in 
standards and other technical publications. 
 
5.2 INTRODUCTION 
The mechanical test programme was devised in order to investigate whether the level of stability 
and security offered by current UK stepladders is adequate. The tests were designed to show the 
true forces and stresses placed upon a stepladder system under conditions of ‘reasonable use’. 
The data generated by these trials was then intended to enable the identification of a simple, 
geometry based, test procedure, such that predictions can be made of as yet untested stepladder 
designs, as well as offering a means of quantifying stepladder performance more easily. 
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It was considered imperative that the performance of the stepladders used in the testing program 
was challenged by users behaving as they chose to do. By recruiting a sufficiently large subject 
panel it would be possible for all types of behaviour to be adequately represented whilst still 
obtaining a credible set of amalgamated values. For these reasons tasks were selected that 
permitted individuals to be as demanding of the stepladder system as they felt comfortable. In 
this manner, the participants could be said to be behaving as they would normally, and this 
would prove a true representation of reasonable stepladder use. 
 
5.3 METHODOLOGY 
The main focus of the test methodology was to accurately record the precise location of the 
centre of gravity of the stepladder and user, as a system, whilst the user undertook ‘reasonable 
tasks’. By identifying the position of the centre of gravity, and comparing it to the location of 
the stepladder’s feet (the ‘footprint’) it would be possible to determine when the stepladder was 
stable, when it was at the point of instability and when it was unstable (effectively, when it had 
fallen over). 
 
This procedure was identical for both professional and domestic users except for 4 additional 
stepladder tasks undertaken by professional users as well as questions on experience and 
training. Most of the tasks chosen for the professional users were also identical to those 
undertaken by domestic users, in order to allow a direct comparison of results. However, there 
were modifications to Task 1 and 5, agreed in discussion with the HSE, in order to simulate a 
more demanding type of stepladder usage normally associated with industrial applications. 
When modelling the processes that stepladders are involved in, and the forces that they need to 
resist, it became apparent that there are four distinct modes. These would provide the key to the 
tasks to be used in the trials as well as the data collection techniques. The four modes were 
identified as the means by which stepladders would fail, i.e. become unstable. For this reason 
they are referred to as failure modes. 
 
Failure mode identification 
The four modes were identified as follows, acknowledging the nature and vectors of the forces 
involved. In order to maintain clarity on the terminology, Cartesian references are used 
throughout. The x-axis represents a horizontal plane parallel to the treads of the stepladder. The 
y-axis is a horizontal plane perpendicular to the treads of the stepladder. The z-axis is in the 
vertical plane (this is clarified in Figure 27, later in this Section). 
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· Tip instability 
This mode is invoked when individuals overreach when using stepladders. The user’s 
centre of gravity is gradually displaced further out from the centreline of the stepladder. 
The stepladder supports this displacement until eventually the stepladder is only 
supported on two feet, due to the offset of the centre of gravity. At this point the 
stepladder is no longer stable and cannot support the user. This mode of instability is 
catastrophic, in that the system will collapse without any further warning or feedback. 
 
· Slip instability 
This instability is experienced in a horizontal axis and results from the stepladder 
placing a greater frictional demand on the substrate than can be supplied. When this 
occurs, the stepladder will move across the substrate. This could lead to a  simple 
horizontal displacement, or more serious failure if combined with other instability 
forces. 
 
· Dynamic instability 
Dynamic instability is frequently observed when stepladder users undertake common 
tasks whilst on a stepladder. It represents an oscillation in the stepladder caused by a 
cyclical task, which progressively causes the stepladder to become unstable. Examples 
would be when sawing or hammering. The centre of gravity moves back and forth, the 
cycles of which may change in amplitude or frequency. This instability mode is 
important, since it is dynamic and very much task-related. In addition, the user may 
receive diffuse and ambiguous feedback concerning the stability of the stepladder, and 
consequently be unaware of approaching the limits of stability. 
 
· Deflection instability 
This mode is driven by the application of a constant force, usually through the 
application of a task, which the stepladder system resists. A typical example would be 
where a user is drilling into a surface, and pushing on the drill with a significant force. 
The pressure remains constant and causes the stepladder to deflect in the opposite 
direction. This mode is something of a special case in that it provides an additional 
point of contact for the stepladder system, and may lead to this point of contact 
replacing one of the feet in terms of support. 
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Whilst any of these modes may be experienced in any direction, they will typically be applied 
through the x- or y-axis. For clarity, this has been termed parallel with, or perpendicular to, the 
work piece. Where the stepladder stiles are splayed in the same plane as the work surface, the 
task is said to be parallel. In this orientation, the stepladder offers the least levels of stability and 
the forces are said to be applied through the x-axis. Where the stepladder stiles are splayed in 
the perpendicular plane to the work surface the task is said to be perpendicular (or facing). Here, 
the stepladder is better suited to resisting the forces, which are being applied in the y-axis 
(Figure 27). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27 
Schematic of the planes of stepladder forces 
 
By identifying the failure modes outlined it was possible to identify both the nature of the 
system limitations relative to the task and user, as well as a suitable range of measures to 
include in a performance test specification to ensure accuracy. 
Perpendicular (facing) work 
surface (Board 1) 
Parallel work 
surface (Board 2) 
Y 
Axis
X 
Axis 
Centre line 
of Ladder 
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Once these failure modes had been identified, representative tasks were designed within which 
it would be possible to observe reasonable use as defined by the participants behaving in a 
natural manner. They would be free to determine the forces they applied, within the constraint 
of their own limits of security. It was also hoped that there would be the opportunity to observe 
‘reasonably foreseeable misuse’, where participants behaved in a manner unintended by the 
stepladder manufacturer but which can be readily anticipated.  
 
The method of data capture is detailed in the separate engineering data report, but can be 
summarised thus: 
 
A force mapping rig was designed, built and validated. It consisted of a reinforced platform on 
which each of the stepladders could stand whilst the participant undertook the specified tasks. 
Under the platform was a pair of aluminium frames, linked by a series of tri-axial force 
transducers. These were supplemented by complementary linear strain gauges to monitor the 
forces acting on the stepladder system at the position of the second step from the top, selected 
on the basis of its recommended use in instructional material. The output of these devices  was 
logged at a suitable frequency (50 Hz) in order to avoid noise and undesirable harmonics whilst 
remaining fast enough to obtain accurate data. The data was processed through a bespoke suite 
of software and analysed to give first level information on the stepladder dynamics. The output 
provided the raw data on which the performance test were based. That data generated an 
accurate location of the centre of gravity at any of the sample times, as well as determining the 
deflection within the stepladder in the x- and y-axis and rotational deflection about the z-axis. 
 
A unique element of the methodology employed is that it was continuous. The stepladders were 
lightly restrained on the upper surface of the rig, using nylon ties. These would still permit the 
correct level of stability feedback to be given to the user, but would stop the stepladder falling 
over. In this manner it was possible to evaluate the behaviour of the users as they approached, or 
even exceeded the critical point of stability, without the need to abandon the trial each time. 
This resulted in vastly greater amounts of data than could be collected by previous techniques. 
Figure 28 shows the test rig configuration. 
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Figure 28 
A ladder installed on the test rig 
 
The practical application of the data resulting from the trials would allow consideration of two 
major considerations: 
 
· Instability 
Tipping and overbalancing are the most common causes of accidents on stepladders, and 
these issues will be central to the performance test specification. A performance envelope 
can be determined for each stepladder in conjunction with various user profiles. This 
information then enables a specification to be determined which will not just be optimised 
for a single user or task profile but will accommodate normal user behaviour and 
expectation. 
 
· Safety margins 
Based on the user profiling and focus groups, it was possible to estimate how closely 
stepladders met the needs of the users. Where those needs are met, the additional capacity of 
the stepladder can be referred to as the safety margin. This allows for other, unforeseen, 
factors which in use may serve to compromise the safety of the user. A stepladder which 
provides extra capacity may avert an accident in such a scenario where a less capable 
stepladder may not. 
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The tasks to be undertaken were devised to: 
· accurately represent normal activities for which stepladders may be utilised 
· permit participants to commit themselves to a self-determined level of security 
· challenge the stepladder in the four failure modes identified 
· be controlled 
· be reproducible 
· be quantifiable 
· be suitable for undertaking in the perpendicular and parallel planes. 
 
Details of the tasks, and the results they generated, are contained in the following Sections. In 
each instance the task was repeated, such that it was performed parallel to, and perpendicular to, 
the work surface. This was achieved by replication of the work pieces on two elevated boards. 
Board 1 was directly in front of the stepladder, such that the stepladder was perpendicular to it. 
Board 2 was located alongside the stepladder, such that it ran parallel with it. 
 
In order to make the data generated more meaningful, a number of transformations were 
undertaken. Initially, the raw data was manipulated to convert the electronic signals into 
calibrated force measurements. These could then be processed such that a derived value would 
indicate the level of stability in either of the horizontal planes. 
 
Essentially, the stability of the stepladder could be defined by whether the centre of gravity of 
the system lay within the stepladder footprint. This variable was represented by a nominal unit, 
S. If the centre of gravity was within the footprint, the stepladder was stable. If the centre of 
gravity was outside the footprint the stepladder was unstable and had, effectively, fallen over. 
The point at which the centre of gravity was exactly located on the border of the stepladder 
footprint was defined as the point of critical instability, and represented by an S value of 1.0. If 
the stepladder was unstable, the S value was greater than 1.0, where the higher the value the 
more unstable the stepladder. Similarly, as the stepladder became more and more stable, the 
value would fall from 1.0. Values of S less than 1.0 indicated how close the stepladder was to 
becoming unstable, e.g. there was less margin for safety at S=0.9, than when S=0.7. Clearly a 
value of 1.0 represented the point of transition from stable to unstable states. 
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The amount of time spent during each individual trial could be broken down into periods when 
the S value was 1.0 or less and when it was greater than 1.0, and represented as a percentage. 
These could also be considered in both the x-and the y-axes. Accordingly, two working 
variables were defined to represent these values: 
 
S1x: The combined percentage of trial data collection time spent with an S value greater than 
1.0 in the x-axis. Effectively, this represents the proportion (as a percentage) of the trial time the 
stepladder had ‘fallen over’ sideways. 
S1y: The combined percentage of trial data collection time spent with an S value greater than 
1.0 in the y-axis. Effectively, this represents the proportion (as a percentage) of the trial time the 
stepladder had ‘fallen over’ in the forward or backward direction. 
 
These variables are used as the metrics to quantify the stepladder stability in the trial results 
below. It should be noted that these data represent aggregated values from all the trials. Overall, 
1120 trials were conducted with professional users and 2880 trials were conducted with 
domestic users, making a total of 4000 individual trials. As previously stated, these trials could 
continue even if a participant exceeded the point of instability, providing vastly improved 
quality and quantities of data over previous test programs which would be curtailed by any 
overbalancing. 
 
5.4 DATA PRESENTATION AND INTERPRETATION 
The data transformations referred to in Section 5.3 permit a graphical depiction of the stability 
and performance of the stepladder. From the data recorded for each ladder, in each trial, it is 
possible to generate a representation of the data cloud of points representing the centre of 
gravity, the tri-axial forces on the ladder system, the stability indices, the step displacement and 
the frictional demand. These are illustrated in the following sections. 
 
5.4.1 Centre Of Gravity 
The centre of gravity data takes the form of a series of virtual points, superimposed on a 
representation of the ‘footprint’ of the ladder. Each data point represents a calculated value 
derived during the trial data collection period. The resulting graphic indicates the focus of the 
centre of gravity along with any excursions, in the form of a ‘data cloud’. This is very useful in 
gaining a rapid indication of the degree to which the ladder is being challenged by the user. 
Figure 29 shows four trial outputs illustrating the difference between trial tasks and subjects.  
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Ladder A sawing task (Task 7) 110 kg user 
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Ladder A reach task (Task 2) 92.5 kg user 
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Ladder A drilling task (Task 5) 61 kg subject 
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Ladder A drilling task (Task 1) 102kg user 
 
Figure 29 
Examples of centre of gravity output 
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5.4.2 Tri-axial Forces On The Ladder System 
The tri-axial forces were seperated out such that a time-related trace was recorded for the 
duration of the trial. In each of the examples in Figure 30, the z-axis forces predominate – 
representing the mass of the user plus any additional forces. It is interesting to note that the 
peaks at the start and finish of the data trace (the ‘horns’) represent the loading whilst ascending 
and descending the ladder. The plateau between them largely equates to the user’s mass. Even 
on the examples given it is clear that forces up to double the user’s mass can be generated 
during the ascent and descent phase, reinforcing the questions regarding the suitability of the 
current duty ratings of ladders. 
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Ladder A sawing task (Task 7) 110 kg user 
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Ladder A reach task (Task 2) 92.5 kg user 
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Ladder A drilling task (Task 5) 61 kg subject 
 
Fz Fx Fy (kg)
-10.00
40.00
90.00
140.00
190.00
0.00 30.00 60.00 90.00
FZ (kg)
Fx (kg)
Fy (kg)
 
Ladder A drilling task (Task 1) 102kg user 
Figure 30 
Examples of tri-axial force output. 
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5.4.3 Stability Indices 
The stability indices relate to the degree of overdemand placed on the ladder system in the x-and 
y-axes.  This is presented graphically from a baseline of 1.0, indicating the point of critical 
instability. The abscissa is time-based, offering a stability chronology during the trial. Figure 31 
shows four examples of this output, depicting various degrees of instability in the relevant 
ladder systems. 
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Ladder A sawing task (Task 7) 110 kg user 
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Ladder A reach task (Task 2) 92.5 kg user 
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Ladder A drilling task (Task 5) 61 kg subject 
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Ladder A drilling task (Task 1) 102kg user 
 
Figure 31 
Examples of the stability indices output 
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5.4.4 Step Displacement 
The step displacement data is given in millimetres of movement for the x-and y-axes and 
degrees of rotation, nominally termed Q. They represent the time-related movement of the 
second step from the top of the ladder during the trial. This step was nominated on the basis of 
manufacturer’s recommendations for safe use. Two examples of this output are shown in Figure 
32. Again, the displacement due to the loading during ascent and descent is clear, with the 
intermediate period depicting deflection of the step through the user’s mass and their task 
related activity. 
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(a) Ladder A sawing task (Task 7) 
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(b) Ladder A drilling task (Task5) 
 
Figure 32 
Examples of the step displacement output 
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5.4.5 Frictional Demand 
The final graphic depiction is of the frictional demand placed upon the ladder feet during the 
trial. This is relative to a value 1.0, which represents the point at which the frictional demand of 
the system is matched by the resistance provided by the ladder feet. A value greater than 1.0 
indicated that the ladder is slipping. Any value below 1.0 indicates a stable system, the 
difference between the recorded value and 1.0 relative to the safety margin provided. Figure 33 
gives two examples of this output, again time-related. Ua represents the frictional demand 
during the task activity phase, whilst Ub represents the frictional demand during the ascent and 
descent of the stepladder. 
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(b) Ladder A drilling task (Task 5) 
ascent/descent 
Figure 33 
Examples of the frictional demand output 
 
5.5 OVERALL RESULTS 
The following figures represent the S1x and S1y values for professional and domestic users 
across all stepladders and all tasks. The z-axis scales have been unified so that direct 
comparison may be made across each data set. It should be noted that the z-axis value (S1x or y 
%) is critical. A larger value does not indicate that the stepladder was more unstable, but that it 
spent more of the trial time in an unstable condition. Essentially, if the stepladder starts to fall it 
does not really matter how large the force was that tipped it. 
 
5.5.1 S1x Data For Professional Users 
Table 11 presents the percentage of time recorded with a value greater than 1.0 for S1x for 
professional stepladder users across all stepladders and all tasks. The combinations of tasks and 
stepladders which lead to periods of instability have been shaded to aid clarity (this convention 
is continued through all the tables in the section).  
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It can be seen that 26 of the 112 combinations resulted in conditions of instability. Within this, 
there were clearly some conditions which resulted in very high percentages of time when the 
stepladder was unstable. In particular, Task 5 (see Section 5.10) appeared to produce 
disproportionately large instability duration. This can been seen more clearly in Figure 34. 
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Table 11 
S1x Data for all stepladders and all tasks – professional users 
 
S1X A B C D E F G H 
Task 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Task 2 0.26 0.57 0.06 0.00 0.14 0.08 0.00 0.06 
Task 3 0.05 0.07 0.64 0.00 0.00 0.00 0.00 0.01 
Task 4 0.05 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
Task 5 18.68 21.18 13.54 16.12 13.82 23.69 35.18 26.44 
Task 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Task 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Task 8 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.09 
Task 10 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 
Task 11 0.17 0.06 2.95 0.00 0.00 0.17 0.00 0.73 
Task 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Task 13 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 
Task 14 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
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Figure 34 
S1x values for professional users 
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In this figure the values for Task 5 could be seen to be several orders of magnitude greater than 
for the other tasks. This task, along with Task 1 (see Section 5.6) was later identified to be 
following a different mechanical system, and was consequently separated out for further 
consideration (Section 5.10). 
 
5.5.2 S1y Data For Professional Users 
Table 12 shows the corresponding S1y values, representing the axis parallel to the stepladder 
treads, again for professional stepladder users. 
 
Table 12 
S1y Values for all stepladders and all tasks – Professional users 
 
S1Y A B C D E F G H 
Task 1 1.48 0.16 1.60 1.07 0.05 0.00 0.00 0.00 
Task 2 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 
Task 3 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 
Task 4 1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Task 5 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Task 6 7.20 0.00 0.00 3.17 0.00 0.00 0.43 0.00 
Task 7 2.04 0.00 0.11 1.77 2.81 0.00 0.54 0.00 
Task 8 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
Task 10 1.99 0.00 0.00 0.00 0.07 0.00 0.00 0.00 
Task 11 1.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Task 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Task 13 1.24 0.00 0.16 2.30 0.34 0.00 0.00 0.00 
Task 14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 
It can be seen that the proportions of time spent in an unstable condition are much reduced. This 
is to be anticipated given the inherently more stable configuration in this axis. However, 23 of 
the 112 tasks still resulted in data points indicating that the stepladder would have fallen over. 
This was a surprising result as it was originally assumed that the stepladder performance would 
be acceptable along this axis. 
 
Figure 35 displays this data more clearly. 
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Figure 35 
S1y values for professional users 
 
Task 5 again (Section 5.10) scores quite highly, though there is a wider distribution of other 
unstable data points. These appeared to be associated with stepladder A primarily, suggesting 
that a design factor of this particular ladder was playing a significant role in reduced stability it 
provided. 
 
5.5.3 S1x Data For Domestic Users 
The data for domestic users in the x-axis are given in Table 13. 
Table 13 
S1x Values for all stepladders and all tasks – Domestic users 
 
S1x A B C D E F G H 
Task 1 1.56 0.03 0.13 0.02 0.00 0.04 0.00 0.00 
Task 2 0.09 0.10 0.53 0.00 0.04 0.38 0.01 0.05 
Task 3 0.05 0.22 0.48 0.07 0.00 0.40 0.29 0.26 
Task 4 0.08 0.01 0.00 0.00 0.01 0.01 0.00 0.02 
Task 5 4.14 1.60 0.91 1.14 0.01 0.00 2.84 2.28 
Task 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Task 7 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.02 
Task 8 0.18 0.00 0.04 0.02 0.01 0.01 0.03 0.05 
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This data is far more disturbing, with 25 of the 72 conditions resulted in periods of instability. 
This suggests that many users are running a very high risk of falling from stepladders and that 
there is little safety margin. Task 5 (Section 5.10) again generated higher values, but this was 
later isolated as a special case (see Section 5.10). The data is shown graphically in Figure 36. 
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Figure 36 
S1x values for domestic users 
 
It should be noted that the scales are the same for professional and domestic users, such that the 
values can be directly compared. 
 
5.5.4 S1y Data For Domestic Users 
The stability values for the y-axis are given in Table 14, where it can be seen that 25 of the 72 
conditions resulted in periods of instability. Figure 37 makes this clearer. 
 75 
 
Table 14 
S1y Values for all stepladders and all tasks – Domestic users 
 
S1Y A B C D E F G H 
Task 1 1.12 0.00 0.37 0.72 0.72 0.08 0.59 0.00 
Task 2 0.07 0.00 0.22 0.18 0.06 0.02 0.03 0.02 
Task 3 0.25 0.00 0.00 0.14 0.00 0.02 0.00 0.00 
Task 4 0.18 0.00 0.14 0.12 0.00 0.00 0.00 0.00 
Task 5 1.16 0.00 0.16 0.62 0.04 0.00 0.02 0.00 
Task 6 1.76 0.01 0.11 1.53 0.00 0.08 0.04 0.00 
Task 7 0.61 0.00 0.09 1.11 0.00 0.02 0.45 0.00 
Task 8 0.22 0.00 0.00 0.13 0.03 0.00 0.00 0.00 
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Figure 37 
S1y values for domestic users 
 
It would appear from the data overview that domestic users are more prone to causing 
conditions of instability in the stepladders they use. This may be due to ignorance or a lack of 
experience, but may also be representing a greater willingness to take risks. 
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It is probable that professional users are more aware of a stepladder’s limitations through 
experiential learning. This could cause them to place less demand on the stepladder system, 
retaining a greater degree of stability. 
 
As has been stated, Tasks 5 and 1 are driven by a different mechanical means, and are separated 
out from later analysis (Sections 5.10 and 5.6. However, it was thought appropriate to include 
them at this stage to give a sense of perspective to the results. 
 
The tasks are described in more detail in Sections 5.6 to 5.19, with the summary data presented 
in tabulated form. Salient points are presented in the discussions and conclusions for each task. 
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5.6 TASK 1 (ALL PARTICIPANTS) 
Title  Fixed pressure drilling. 
Orientation Perpendicular. 
Failure mode Deflection instability. 
 
 
Figure 38 
Task 1 – Fixed pressure drilling (Professional users) 
 
Figure 39 
Task 1 – Fixed pressure drilling (Domestic users) 
5.6.1 Procedure - Professional 
Task 1 represented drilling into a resistive substrate such that a constant force would be applied 
which the stepladder would have to oppose. The procedure for Task 1 for professional users 
differed from that for domestic users to represent the heavier equipment and more arduous tasks 
undertaken in the workplace. Accordingly, professional users held the drill adjacent to their 
torso where they could apply more pressure. 
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5.6.2 Procedure - Domestic  
Domestic users also undertook the drilling task, but extended to the left of the stepladder as far 
as they felt comfortable. The self-determination of the degree of extension ensured that different 
interpretations of reasonable use could be accurately represented. 
 
5.6.3 User-defined Task Parameters 
The metal bar used as the resistive substrate was located on the work surface perpendicular to 
the stepladder. The centre of the bar was located at a point 635 mm from the left hand stile of 
the stepladder, representing the 50th percentile adult arm length. Users could then choose at 
which point around this central location they wished to drill. 
 
5.6.4 Data 
Table 15 and Figure 40 present the data generated from Task 1 for professional users, and Table 
16 and Figure 41 that for domestic users. 
 
Table 15 
S1x and S1y data for Task 1 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0 0 0 0 0 0 
S1y 1.48 0.16 1.60 1.07 0.05 0 0 0 
 
Table 16 
S1x and S1y data for Task 1 – Domestic users 
 
 Stepladder 
Value A B C D E F G H 
S1x 1.56 0.03 0.13 0.02 0 0.04 0 0 
S1y 1.12 0 0.37 0.72 0.72 0.08 0.50 0 
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Figure 40 
S values for Task 1 - professional users 
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Figure 41 
S values for Task 1 - domestic users 
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5.6.5 Discussion 
This task was a less demanding version of Task 5, and involved the application of force through 
a disadvantageous body posture. Accordingly, the forces that could be generated were quite low 
compared to other tasks. However, these still appear to induce relatively large periods of 
instability. 
 
Whilst the drilling task itself is clearly representative of the normal use for which stepladders 
are employed, it became apparent that this task was following an alternative model to the tasks 
designed to challenge the stepladder in the other failure modes. 
 
It has been discovered that when subjected to constant deflection forces, the user can modulate 
the loading on the stepladder such that the normal support system of three ladder feet can be 
replaced by two ladder feet and the tool with which the user is pushing. This then generates 
‘false’ periods of instability, where the user is actually offering support themselves. 
 
Because of this, the data in these trials must be treated with caution, and not incorporated into 
models of the stepladder systems used to predict stability or to devise stability tests. More 
information on this is given in Section 6.10, which discusses the more onerous Task 5. 
 
5.6.6 Conclusions 
Deflection stability tasks can, apparently, generate large periods of instability. In practice this 
instability is not realised, since the user is providing additional support through the work piece. 
It is also the case that the level of control that this offers ensures that the failure mode is 
progressive, rather than catastrophic and permits the user to recover from positions of increasing 
instability. 
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5.7 TASK 2 (ALL PARTICIPANTS) 
Title  Lateral extension. 
Orientation Perpendicular. 
Failure mode Tip instability. 
 
 
Figure 42 
Task 2 – Lateral extension (All users) 
 
5.7.1 Procedure - Professional 
The participant was required to extend as far a they felt comfortable in order to tighten wing nut 
fastenings on a mounted bar. Encouragement was given to reach as far as the participant felt 
they could in an effort to accurately represent a demanding reaching task in real life, where the 
user may be reluctant to relocate the stepladder. 
 
5.7.2 Procedure - Domestic 
As for professional users. 
 
5.7.3 User-defined Task Parameters 
The bolts to be tightened were mounted horizontally, centred about a point 635 mm from the 
left stile of the stepladder. This represented the 50th percentile arm reach for an adult. 
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5.7.4 Data 
The data from task two is presented in Tables 17 and 18 and Figures 43 and 44. 
 
Table 17 
S1x and S1y data for Task 2 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0.26 0.57 0.06 0 0.14 0.06 0 0.06 
S1y 0 0 0 0 0 0 0.1 0 
 
Table 18 
S1x and S1y data for Task 2 – Domestic users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0.1 0.53 0 0.04 0.38 0.01 0.05 
S1y 0.07 0 0.22 0.18 0.06 0.02 0.03 0.02 
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Figure 43 
S values for Task 2 - professional users 
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Figure 44 
S values for Task 2 - domestic users 
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5.7.5 Discussion 
Stepladders A and B generated the longest periods of instability for professional users, whilst 
stepladders C and F did so for domestic users. This implies that the two groups were using the 
stepladders in different ways. Five stepladders generated conditions of instability in both the x- 
and the y-axis for domestic users. Of the remaining three stepladders, they each permitted an 
period of instability for one or other of the axes. This is a poor result and suggests that not only 
are stepladders badly suited to use by diverse groups of individuals, but also that they do not 
offer an acceptable level of inherent stability to withstand the normal leaning extension 
expected by users. 
 
5.7.6 Conclusions 
The leaning task is probably the most common application of stepladders – for cleaning, 
maintenance and ‘Do-It-Yourself’ (DIY)  tasks. The data generated in this task indicate that the 
tested stepladders offered unacceptable levels of stability when challenged with this type of task 
and would, in real life, have caused a number of participants to fall in real life. 
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5.8 TASK 3 (ALL PARTICIAPNTS) 
Title  Extended sawing. 
Orientation Perpendicular. 
Failure mode Dynamic instability. 
 
 
Figure 45 
Task 3 - Extended sawing (All users) 
 
5.8.1 Procedure  - Professional 
The participant was instructed to attempt to saw through a 100 mm square block located on the 
work board, using a short hand saw. 
 
5.8.2 Procedure - Domestic 
As for professional users. 
 
5.8.3 User-defined Task Parameters 
The block was centred around a point 635 mm from the left stile of the stepladder, representing 
the 50th percentile adult arm length. 
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5.8.4 Data 
Table 19 presents the data for professional users, whilst Table 20 presents the data for domestic 
users. 
Table 19 
S1x and S1y data for Task 3 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0.05 0.07 0.64 0 0 0 0 0.01 
S1y 0 0 0.1 0 0 0 0 0 
 
Table 20 
S1x and S1y data for Task 3 – Domestic users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0.05 0.22 0.48 0.07 0 0.4 0.2 0.26 
S1y 0.25 0 0 0.14 0 0.02 0 0 
 
 
The data is presented graphically in Figures 46 and 47. 
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Figure 46 
S values for Task 3 - professional users 
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Figure 47 
S values for Task 3 - domestic users 
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5.8.5 Discussion 
Professional users generated a cluster of instability data in the x-axis, focussed around 
stepladders A, B and C. Stepladder C particularly generated considerable periods of instability. 
 
Domestic users were exposed to much longer periods of instability, prevalent in all stepladders 
except stepladder E, the wooden steps. 
 
5.8.6 Conclusions 
The dynamic nature of this task should have generated an equal distribution of periods of 
instability across all stepladders. However, the instability was focussed on certain stepladders, 
indicating that it is associated with a property of the stepladder. 
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5.9 TASK 4 (ALL PARTICIPANTS) 
Title  Extended high reach. 
Orientation Perpendicular. 
Failure mode Tip instability. 
 
 
Figure 48 
Task 4 - Extended lateral reach (All users) 
 
5.9.1 Procedure - Professional 
The participant was instructed to tighten wing nuts along a vertical bar, stretching up as high as 
they felt comfortable. 
 
5.9.2 Procedure - Domestic 
As for professional users. 
 
5.9.3 User-defined Task Parameters 
The task was located centrally between the stiles, directly in front of the participant. 
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5.9.4 Data 
The data for Task 4 are presented in Tables 21 and 22 as well as Figures 49 and 50. 
 
Table 21 
S1x and S1y data for Task 4 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0.05 0 0 0.02 0 0 0 0 
S1y 1.17 0 0 0 0 0 0 0 
 
Table 22 
S1x and S1y data for Task 4 – Domestic users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0.08 0.01 0 0 0.01 0.01 0 0.02 
S1y 0.18 0 0.14 0.12 0 0 0 0 
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Figure 49 
S values for Task 4 - professional users 
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Figure 50 
S values for Task 4 - domestic users 
 
5.9.5 Discussion 
Professional users showed a high degree of conformity, with all stepladders offering adequate 
stability except stepladder A, notable for its poor performance. 
 
The picture was much more diverse for domestic users who suffered periods of instability in all 
stepladders, except stepladder G. Stepladder A again performed badly, possibly associated with 
its less robust construction, since the poor performance was present in both the x- and y-axes. 
 
5.9.6 Conclusions 
This task should not have caused any instability, since the users were centred over the 
stepladder footprint. However, it appears that the narrow footprint of some stepladders has 
permitted the user to overbalance, most notably in the y-axis. 
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5.10 TASK 5 (ALL PARTICIPANTS) 
Title  Fixed pressure drilling. 
Orientation Parallel. 
Failure mode Deflection instability. 
 
 
Figure 51 
Task 5 – Fixed pressure drilling (Professional users) 
 
Figure 52 
Task 5 – Fixed pressure drilling (Domestic users) 
5.10.1 Procedure - Professional 
This task replicated Task 1, but was located on the parallel work surface. 
 
5.10.2 Procedure - Domestic 
As for professional users. 
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5.10.3 User-defined Task Parameters 
The metal work piece was centred around a point 635 mm from the top of the stepladder, 
representing the 50th percentile adult arm length. 
 
5.10.4 Data 
The data for Task 5 are given in Tables 23 and 24. Figures 53 and 54 show the data graphically. 
 
Table 23 
S1x and S1y data for Task  – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 18.68 21.18 13.54 16.12 13.82 23.60 35.18 26.44 
S1y 0.27 0 0 0 0 0 0 0 
 
Table 24 
S1x and S1y data for Task  – Domestic users 
 
 Stepladder 
Value A B C D E F G H 
S1x 4.14 1.60 0.91 1.14 0.01 0 2.84 2.29 
S1y 1.16 0 0.16 0.62 0.04 0 0.02 0 
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Figure 53 
S values for Task 5 - professional users 
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Figure 54 
S values for Task 5 - domestic users 
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5.10.5 Discussion 
Task 5 was identified as following a different mechanical model to the other tasks, which partly 
explains the significantly different results when compared with the other trials. The reason for 
the difference in the model is that the linkage through the drill and work tool is very positive. As 
such, it constitutes a rigid point of contact and is behaving as a significant aspect in the overall 
balance of the user/stepladder combination. Effectively, the user/stepladder combination can be 
stable with only two of the four feet in contact with the ground, as the third point is acting at the 
hand, and providing an overall tripod support which is stable. Interpreting the data observed for 
these tasks, it appears as if the user is pushing the stepladder to find the point where it starts to 
move. However, at this point, the system does not catastrophically collapse. Thus, the user can 
modulate about this condition relatively safely to achieve maximum pressure on the drill. In 
fact, any kind of task where the hand linkage is rigid, i.e. any kind of strong grip with uni-
directional pull or push, will generate the type of data seen. Despite Task 5 being the most 
onerous task for all stepladders, it is a special condition and must be treated separately, as it is 
clear that no single design recommendation would satisfactorily increase the stability of 
stepladders under these conditions. This condition will require a multi-faceted approach, 
including training, stepladder design recommendations and labelling.  
 
5.10.6 Conclusions 
On initial examination, this task appears to offer the greatest threat to the stepladder’s stability. 
However, on closer scrutiny, it is apparent that by applying pressure through the tool the user 
changes the nature of the stepladder system. The user can alter the amount of pressure through 
the tool and hence shift the centre of gravity outside the normal stability envelope. In addition, 
the nature of failure that this produces is progressive rather then catastrophic, as seen in the 
other tasks. This provides a much higher level of feedback to the user and hence better control. 
 
For this reason it is necessary to eliminate this type of task from the prescription of minimum 
stability requirements, although it is clear that stepladder users will still benefit from any 
improvements in stability when undertaking this type of task. It is also clear that risk 
management of this type of task must be achieved through education and policing. 
 
Because of the degree of control retained by the user, it is possible that this type of activity is 
not the cause of the majority of stepladder accidents, and this idea is supported by nature of 
many reported accident scenarios. It still remains that best practice may dictate that such 
activities are only undertaken on mobile towers or platforms, or where another individual is 
present to provide support to the ladder. 
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5.11 TASK 6 (ALL PARTICIPANTS) 
Title  Extended lateral reach. 
Orientation Parallel. 
Failure mode Tip instability. 
 
 
Figure 55 
Task 6 – Extended lateral reach (all users) 
 
5.11.1 Procedure Professional 
This task replicates Task 2, but is located parallel to the stepladder. 
 
5.11.2 Procedure Domestic 
As for professional users. 
 
5.11.3 User-defined Task Parameters 
The work piece was centred around a point 635 mm from the location of the second step down 
from the top of the stepladder. This followed recommended practice in not going above this step 
and represented the 50th percentile arm length of an adult user. 
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5.11.4 Data 
The data for Task 6 are given in Tables 25 and 26, as well as Figures 56 and 57. 
 
Table 25 
S1x and S1y data for Task 6 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0 0 0 0 0 0 
S1y 7.2 0 0 3.17 0 0 0.43 0 
 
Table 26 
S1x and S1y data for Task 6 – Domestic users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0 0 0 0 0 0 
S1y 1.76 0.01 0.11 1.50 0 0.09 0.04 0 
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Figure 56 
S values for Task 6 - professional users 
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Figure 57 
S values for Task 6 - domestic users 
 
5.11.5 Discussion 
This task involved the participant reaching as far to the right as they felt comfortable, in order to 
tighten wing nuts. It is to be expected that the main episodes of instability would be seen in the 
y-axis. The results presented above show that all stepladders performed well in the x-axis, 
without any instability. However, three stepladders became unstable in the y-axis for 
considerable periods. 
 
For both professional and domestic users, stepladders A and D were significantly worse in 
providing stability during this task than any other. 
 
5.11.6 Conclusions 
This task also appears to offer the possibility for inducing instability, the manner of which 
appears to be controlled by the nature of the stepladder. 
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5.12 TASK 7 (ALL PARTICIPANTS) 
Title  Extended lateral sawing. 
Orientation Parallel. 
Failure mode Tip instability. 
 
 
Figure 58 
Task 7 – Extended lateral sawing (all users) 
 
5.12.1 Procedure - Professional 
This task replicated Task 3 but was undertaken parallel to the stepladder. 
 
5.12.2 Procedure - Domestic 
As for professional users. 
 
5.12.3 User-defined Task Parameters 
The work piece was centred around a point 635 mm from the second step down from the top of 
the stepladder. This followed recommended practice not to go higher than this step and 
represented the 50th percentile adult arm length. 
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5.12.4 Data 
Tables 27 and 28 present the data for Task 7. Figures 59 and 60 present the data graphically. 
 
Table 27 
S1x and S1y data for Task 7 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0 0 0 0 0 0 
S1y 2.04 0 0.11 1.77 2.81 0 0.54 0 
 
Table 28 
S1x and S1y data for Task 7 – Domestic users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0 0 0 0.29 0 0.02 
S1y 0.61 0 0.09 1.11 0 0.02 0.45 0 
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Figure 59 
S values for Task 7 - professional users 
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Figure 60 
S values for Task 7 - domestic users 
 
5.12.5 Discussion 
This was a dynamic task located on the right of the participant, which involved challenging the 
stepladder with a cyclical task. The data shows that the stepladders all performed well in the x-
axis, but that 5 out of 8 stepladders reached values of critical instability in the y-axis where the 
users would have fallen  
 
The domestic user data shows 2 stepladders exceed the level of critical instability in the x-axis. 
This may have been caused by a lack of familiarity of some participants with the sawing task, 
where confining their efforts to a less extended mode of sawing would generate reduced forces. 
However, the results show that domestic users would still have fallen from 5 out of the 8 
stepladders they used during this task. 
 
5.12.6 Conclusions 
Whilst this task appears to challenge the stepladder in the more stable y-axis, it still led to 
considerable periods of instability. This manner of use could appear to be in line with 
manufacturer’s recommendations in so much as the main forces are through the centreline of the 
stepladder, and users could anticipate the stepladder to be stable. 
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5.13 TASK 8 (ALL PARTICIPANTS) 
Title  Extended high reach. 
Orientation Parallel. 
Failure mode Tip instability. 
 
 
Figure 61 
Task8 – Extended high reach (All users) 
 
5.13.1 Procedure - Professional 
This replicated Task 4, but parallel to the stepladder. 
 
5.13.2 Procedure Domestic 
As for professional users. 
 
5.13.3 User-defined Task Parameters 
This task was located adjacent to the step second from the top of the stepladder, recommended 
as the highest point for stepladder use. 
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5.13.4 Data 
Tables 29 and 30 and Figures 62 and 63 contain the data for this task. 
 
Table 29 
S1x and S1y data for Task 8 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0 0 0 0 0 0.09 
S1y 0 0 0 0.02 0 0 0 0 
 
Table 30 
S1x and S1y data for Task 8 – Domestic users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0.18 0 0.04 0.02 0.01 0.01 0.03 0.05 
S1y 0.22 0 0 0.13 0.03 0 0 0 
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Figure 62 
S values for Task 8 - professional users 
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Figure 63 
S values for Task 8 - domestic users 
 
5.13.5 Discussion 
This was a high reaching task which also involved leaning to the right side. This produced low 
levels of instability for professional users, although two stepladders were still associated with 
unstable periods. There is little movement in the y-axis during this task, reflected in the results 
which only show one stepladder becoming unstable.  
 
Domestic user instability was much more diverse, with no clear trends other than stepladder A 
offering the least stability. 
 
5.13.6 Conclusions 
Domestic users experienced a higher level of instability in the y-axis than professional users. 
This might be explained by holding/pulling on the top of the stepladder for support, when 
reaching up. Overall, professionals were more stable carrying out this task than domestic 
stepladder users.  
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5.14 TASK 9 (ALL PARTICIPANTS) 
Title  Lateral slip resistance. 
Orientation Parallel. 
Failure mode Slip instability. 
 
 
Figure 64 
Task 9 – Lateral slip resistance (all users) 
 
5.14.1 Procedure - Professional 
The participant placed one foot on the stepladder and, the other on a heavily laden (22 kg) box 
adjacent to the stepladder. This was designed to simulate working with only one foot on the 
stepladder, and the other foot on another surface. In order to estimate the slip resistance, the 
participant was required to push the box along the floor and away from the stepladder base. 
 
5.14.2 Procedure Domestic 
As for professional users. 
 
5.14.3 User-defined Task Parameters 
The box was positioned at the foot of the stepladder, with the pushing surface level to the height 
of the first rung, to optimise the slip force rather than to induce tip instability. 
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5.14.4 Data 
The data generated from this task indicated that users could readily supply sufficient force for 
any of the stepladders to be caused to slip. Because of the low vertical (z-axis) loading on the 
stepladder, none of the stepladders offered sufficient friction to meet the demand of the user 
pushing the box. Accordingly, the data shows all ladders slipping. 
 
5.14.5 Discussion 
It was anticipated that this task would induce slip in all of the stepladders due to the high 
horizontal loading coupled with a low vertical load, and this was proven to be the case. 
However, the action involved in pushing the loaded box away from the stepladder is extreme 
and could typically be regarded as misuse. Accordingly, the apparent slipping of the stepladders 
in this task is not considered relevant to the safety of the stepladder in use. 
 
5.14.6 Conclusions 
This task served to prove that the use could readily generate more frictional demand than the 
ladder could supply. However, in order to do so, a degree of misuse is required. During the 
other trials, the frictional demand was so low as to be negligible and to pose no threat to the 
security of the ladder system. It was concluded that, for stepladders, slippage was not a safety 
issue. 
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5.15 TASK 10 (PROFESSIONAL PARTICIPANTS ONLY) 
Title  Lateral load placement. 
Orientation Perpendicular. 
Failure mode Tip instability. 
 
 
Figure 65 
Task 10 – Lateral load placement (Professional users) 
 
5.15.1 Procedure - Professional 
The participant carried a bucket of mass 11.5 kg up the stepladder, and placed it onto a hook on 
the parallel work board. This was an asymmetrical carrying task, involving an unstable load, 
where the user may only hold on to the stepladder with one hand. It required a degree of 
strength and necessitated leaning out from the stepladder. 
 
5.15.2 User-defined Task Parameters 
The hook was located at a point 635 mm from the left stile of the stepladder, representing 50th 
percentile adult arm length. 
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5.15.3 Data  
Table 33 and Figure 66 contain the data from Task 10. 
 
Table 33 
S1x and S1y data for Task 10 – Professional users 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0.51 0 0 0 0 0 
S1y 1.99 0 0 0 0.07 0 0 0 
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Figure 66 
S values for Task 10 - professional users 
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5.15.4 Discussion 
This task involved carrying a heavy, unstable load and placing it in a fixed position, located to 
the left of the stepladder. All stepladders performed well with the exception of stepladder A, and 
stepladder C. Stepladder A appeared to compromise the safety of the user to a considerable 
degree. 
 
5.15.5 Conclusions 
This was a demanding task that was effective in representing real life use well. It demonstrated 
that the more robust stepladders could resist the forces involved, whereas the lighter, 
domestically rated, stepladder was unable to do so. 
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5.16 TASK 11 (PROFESSIONAL PARTICIPANTS ONLY) 
Title  Lateral load movement. 
Orientation Perpendicular. 
Failure mode Tip instability. 
 
 
Figure 67 
Task 11 – Lateral load movement (Professional users) 
 
5.16.1 Procedure - Professional 
The participant ascended the stepladder and transferred a bucket of mass 11.5 kg from the 
perpendicular work board (bottom left) to the parallel work board (top right). This task involved 
the transfer of a reasonably stable, but heavy, load from one side of the stepladder to the other.  
 
5.16.2 User-defined Task Parameters 
The hook of the perpendicular board was located at a point 635 mm from the left stile of the 
stepladder, representing  50th percentile adult arm reach. The hook on the parallel board was 
located in line with, and just above, the uppermost point of the stepladder. 
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5.16.3 Data 
Table 34 presents the data for this task. The data is shown in graph from in Figure 68. 
 
Table 34 
S1x and S1y data for Task 11 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0.17 0.06 2.95 0 0 0.17 0 0.73 
S1y 1.28 0 0 0 0 0 0 0 
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Figure 68 
S values for Task 11 - professional users 
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5.16.4 Discussion 
This task involved leaning to both the left and the right side of the stepladder with a heavy 
weight. Thus, it is to be expected that the major loading, and therefore any instability, would be 
in the x-axis. This is confirmed by the data, which show the individual percentage of time spent 
over the critical stability threshold for each stepladder. Stepladder A also showed some 
instability in the y-axis. However, stepladder C offered the least security in this task by a 
considerable margin. This may be due to its lighter construction or the effect of the guard rail. 
 
5.16.5 Conclusions 
This task represented a typical example of working at height. Unfortunately, five of the 
stepladders were unable to offer acceptable levels of stability for the user. 
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5.17 TASK 12 (PROFESSIONAL PARTICIPANTS ONLY) 
Title  Load retrieval. 
Orientation Perpendicular. 
Failure mode Tip instability. 
 
 
Figure 69 
Task 12 – Load retrieval (Professional users) 
 
5.17.1 Procedure - Professional 
The participant ascended the stepladder, retrieved the 11.5 kg bucket from the hook on the 
parallel board and descended the stepladder with the bucket. This task involved the retrieval and 
carrying of a heavy and relatively stable load backwards down a stepladder; whilst only having 
one hand available for stability. Some users also chose to move the bucket from one hand to the 
other. 
 
5.17.2 User-defined Task Parameters 
The user was free to choose the most appropriate method for accomplishing this task. 
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5.17.3 Data 
Table 35 contains the data from Task 12 
 
Table 35 
S1x and S1y data for Task 12 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0 0 0 0 0 0 
S1y 0 0 0 0 0 0 0 0 
 
No values were recorded for this task other than zero, indicating that the stepladders offered 
acceptable stability. 
 
5.17.4 Discussion 
This task involved leaning to the right to remove the load from the work surface before 
descending the stepladder with the load. It might be expected that the stepladders would be 
challenged most in the x-axis. However, it can be seen that all stepladders performed well in 
both axes during this task, with no instances of forces generated causing any critical 
instabilities.  
 
5.17.5 Conclusions 
This task was the only one to produce satisfactory stepladder performance. However, it should 
be noted that there were a considerable number of missing values in the data since the 
participants completed the trial too quickly for sufficient data points to be collected, so this 
finding must be treated with caution. 
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5.18 TASK 13 (PROFESSIONAL PARTICIPANTS ONLY) 
Title  Extended high reach load placement. 
Orientation Parallel. 
Failure mode Tip instability. 
 
 
Figure 70 
Task 13  - Extended high reach load placement (Professional users) 
 
5.18.1 Procedure - Professional 
The participant carried a 12 kg roll of roofing felt up the stepladder, and placed it onto a high 
shelf on the parallel work board. This was an asymmetrical carrying task involving a heavy, 
unwieldy load, in which the participant will have to use both hands to place the roofing felt onto 
the shelf. 
 
5.18.2 User-defined Task Parameters 
The user was free to adopt the most appropriate means of completing the task. 
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5.18.3 Data 
Task 13 data is contained in Table 36 and Figure 71. 
 
Table 36 
S1x and S1y data for Task 13 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0.28 0 0 0 0 0 
S1y 1.24 0 0.16 2.3 0.34 0 0 0 
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Figure 71 
S values for Task 13 - professional users 
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5.18.4 Discussion 
This task essentially involved carrying a heavy load and placing it to the right of the stepladder. 
Thus, it might be expected that any instances of instability would be seen in the x-axis. 
However, as can be observed, four stepladders exceeded the threshold of critical instability in 
the y-axis, but all stepladders performed well in the x-axis, except for stepladder C. This may be 
explained by the nature of the materials used  The roofing felt was approximately 100 cm wide 
and thus the users did not have to lean over to place it, but merely hold it above their heads, 
locate the end onto the shelf and slide it into place. 
 
5.18.5 Conclusions 
The location of the shelf onto which the load was place has clearly influenced the data from this 
Task H. However, none of the participants considered the task unreasonable. The level of 
instability offered by stepladders A and D suggest that this belief is mistaken. 
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5.19 TASK 14 (PROFESSIONAL PARTICIPANTS ONLY) 
Title  Extended high reach load retrieval. 
Orientation Parallel. 
Failure mode Tip instability. 
 
 
Figure 72 
Task 14 – Extended high reach load retrieval (Professional users) 
 
5.19.1 Procedure - Professional 
The participant ascended the stepladder, retrieved the 12 kg roofing felt from the high shelf on 
the parallel work board and brought it down the stepladder. This task involved the retrieval and 
carrying of a heavy and relatively unwieldy load backwards down a stepladder. The participant 
had to use both hands to place the roofing felt onto their shoulder, then descend the stepladder, 
whilst only having one hand available to hold on. 
 
5.19.2 User-defined Task Parameters 
The participant was free to determine the manner in which the task was completed. 
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5.19.3 Data 
The data for Task 14 is contained in Table 37 and Figure 73. 
 
Table 37 
S1x and S1y data for Task 14 – Professional users 
 
 Stepladder 
Value A B C D E F G H 
S1x 0 0 0 0 0 0.05 0 0 
S1y 0 0 0 0 0 0 0 0 
 
0
0.01
0.02
0.03
0.04
0.05
0.06
A B C D E F G H
Ladder
%
 T
im
e
S1x
S1y
 
Figure 73 
S values for Task 14 - professional users 
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5.19.4 Discussion 
This task involved the users climbing to the top of the stepladder, pulling the roofing felt out 
from the shelf, and returning back down the stepladder. Thus, it might be expected that the 
majority of forces generated through the stepladder would be in the x-axis. The results show that 
only stepladder F reached a level of critical instability. However, the short duration of this 
instability suggests that the performance of this stepladder may not be greatly inferior to its 
peers. 
 
5.19.5 Conclusions 
This task did not appear to place large demands on the stepladders and, with one exception, they 
were able to provide adequate stability. 
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6.0 EVALUATION OF STEPLADDER PERFORMANCE 
 
 
The stepladder’s performance can be compared through the Sx and Sy values, giving an 
indication of the level of safety offered by each model for the same range of users and tasks. 
This data is presented, by ladder, in Sections 7.1 and 7.2. In each case, the indication of the 
degree of stability provided can be estimated by the proportion of time spent with an S value at, 
or above 1. In the following Figures, the best performing ladders have their data most heavily 
skewed towards the origin of the x-axis. The actual percentage of time spent in each stability 
band (S=0.7 upwards) is indicated by the height of each histogram block. Ideally, therefore, a 
very stable ladder will have all the data point contained in the first columns of the graph, with a 
steep gradient meeting the x-axis before a value of 1.0. 
 
In practice this is not always seen, and virtually all ladders show tails of data (of varying 
dimensions) which exceed the critical stability threshold of 1.0. In effect, all ladders would have 
fallen at some point in the trials. It should be noted that these data exclude Task 1 and Task 5, 
for the reasons already stated in Section 6.0, but do include all users, both professional and 
domestic. 
 
6.1 STEPLADDER SX VALUES 
Figures 74 to 81 show the graphs representing the performance of all the stepladders across all 
the tasks. From this is can be seen that stepladder D (7 step aluminium) and stepladder E 
(wooden) appear to offer the highest levels of stability in the x-axis (sideways). 
 
It can be seen, however, that all stepladders demonstrate some periods of instability (Sx value 
>1.0), though the cumulative duration in each case is not great and the additional stability 
demanded was quite limited. This suggests that, even though the users were placing 
considerable demand upon the stepladders, the increase in stability necessary to accommodate 
all their activities is readily achievable. It also shows that the majority of user’s time is spent in 
a position of stability, so user education need not change behaviour greatly to generate safety 
improvements. 
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Figure 74 - Stepladder A Sx values 
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Figure 75 - Stepladder B Sx values 
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Figure – 76 Stepladder C Sx values 
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Figure 77 - Stepladder D Sx values 
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
%
Sx
0.7
%
Sx
0.8
%
Sx
0.9
%
Sx
1.0
%
Sx
1.1
%
Sx
1.2
%
Sx
1.3
%
Sx
1.4
%
Sx
1.5
%
Sx
1.6
%
Sx
1.7
%
Sx
1.8
%
Sx
1.9
%
Sx
2.0
%
Sx
> 2
Figure 78 - Stepladder E Sx values 
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Figure 79 - Stepladder F Sx values 
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Figure 80 - Stepladder G Sx values 
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Figure 81 - Stepladder H Sx values 
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6.2 STEPLADDER SY VALUES 
Figures 82 to 89 present the data for all stepladders in the y-axis. Again, the data for Task 1 and 
5 have been removed to ensure accuracy in the data recording process and to accurately 
represent the trials. 
 
As would be anticipated, the stability offered by the stepladders in the y-axis exceeds that in the 
x-axis. Consequently, both the duration and magnitude of periods of instability are significantly 
reduced. 
 
Stepladders B (10 step aluminium), E (wooden) and H (8 step aluminium) all appear to offer 
increased levels of y-axis stability over their peers. Stepladder A (combination) in particular, 
appears to offer the most compromised stability in this aspect. 
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Figure 82 - Stepladder A Sy values 
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Figure 83 - Stepladder B Sy values 
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Figure 84 - Stepladder C Sy values 
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Figure 85 - Stepladder D Sy values 
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Figure 86 - Stepladder E Sy values 
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Figure 87 - Stepladder F Sy values 
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Figure 88 - Stepladder G Sy values 
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Figure 89 - Stepladder H Sy values 
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7.0 REASONABLY FORESEEABLE MISUSE 
 
 
One of the most important findings of the trials is a better understanding of what stepladder 
users consider to be normal use. As has been previously discussed in Section 2, it is imperative 
for the safe use of any product that the manufacturer and the user share a common perception of 
what constitutes such use. From accident records, personal accounts, reconstruction and 
accident modelling it appears that, for stepladders, there is a considerable gap between what 
manufacturers consider to be appropriate use, and the range of applications for which users 
believe stepladders are suitable. Inevitably, this had been the cause a significant proportion of 
accidents. 
 
This area of product safety is specifically addressed by UK consumer protection law and, whilst 
this does not currently extend to professional use, the principles are transferable. In particular, it 
should be remembered that professional users tend to represent better informed consumers in a 
different environment. For this reason, therefore, the concepts of normal use and reasonably 
foreseeable misuse can be applied equally to both groups. 
 
Products clearly have a specific intended purpose, and their design is largely tailored to this 
purpose. A simple example would be a flat-bladed screwdriver. Its intended purpose is to drive 
home and remove slot-headed screws. Accordingly, these tasks can be considered ‘normal’ use. 
However, there also a range of tasks which are undertaken with this implement that can be 
readily envisaged and are so widespread as to be considered as secondary uses. These may be 
associated with the primary purpose, or may be a totally different task. Again, in the case of the 
screwdriver, a secondary task may be to remove cross-headed screws or, more commonly, to 
open tins of paint. These applications are so common as to be considered reasonably foreseeable 
and so would be termed ‘reasonably foreseeable misuse’. Clearly, using a product for a task 
completely alien to its intended function or design can be considered misuse. Using a 
screwdriver as a hammer or to stab an individual would fall into this category. 
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In the UK there are consumer protection laws applicable to specific product groups. All other 
products, including stepladders, are covered by more generic safety legislation typically The 
General Product Safety Regulations 1994 (GPSR). The GPSR require that only safe products 
are made available, either new or second-hand and contain reference to the terms ‘normal use’ 
and ‘reasonably foreseeable’. The Regulations offer clear guidance as to the meaning of ‘safe 
product’ and the elements to be considered when assessing the safety of the product, as follows: 
 
 “safe product” means any product which, under normal or reasonably 
foreseeable conditions of use, including duration, does not present any 
risk or only the minimum risks compatible with the product’s use, 
considered as acceptable and consistent with a high level of protection 
for the safety and health of persons, taking into account in particular - 
 
a) the characteristics of the product, including its composition, 
packaging, instructions for assembly and maintenance; 
b) the effect on other products, where it is reasonably foreseeable 
that it will be used with other products; 
c) the presentation of the product, the labelling, any instructions 
for its use and disposal and any other indication or information 
provided by the producer; and, 
d) the categories of consumers at serious risk when using the 
product, in particular children” 
 
As stated in the Regulations, the composition of the product and its instructions and warnings 
must all offer an acceptable level of safety. This places onerous requirements on the 
manufacturer to ensure that a product is suitable for the range of applications to which it is 
likely to be applied, and that the instructions are adequate to allow consumers to assemble and 
use the product safely. Clearly this means that, for stepladders, they must be safe when used in a 
manner which users feel reasonable. 
 
It is inescapable that working at height is an inherently risky activity. However, that risk can be 
managed effectively by designing products that offer acceptable levels of stability and strength 
and then by arming the users with appropriate information on how to control the residuals risks. 
It is unacceptable for the manufacturer to merely tell users not to undertake activities that may 
lead to instability if those activities are considered reasonable by the user. 
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This has been the subject of much argument within the safety community as it appears that 
stepladder manufacturers consider a wide range of tasks undertaken at height to be 
unreasonable, whilst consumers clearly buy stepladders specifically to undertake those tasks. 
Because of the complex nature of stepladder accidents, few cases have been before the courts to 
resolve this, but precedent indicates that manufacturers have been enjoying a period of grace, 
and that in future they will need to be produce stepladder products which can better 
accommodate the user’s expected behaviour. 
 
An abject example of this apparent conflict is in using step stepladders to access lofts. This is 
expressly prohibited in stepladder instructions, yet is one of the prime reasons for individuals 
buying stepladders. The placement of the instructions (often on the underside of the platform), 
the apparent ineffectiveness of the approved pictogram and the blanket nature of the prohibition 
do little to defend the idea that this is a reasonable stance on the part of the manufacturers. 
 
Part of this problem lies with the nature of the stepladder design which accommodates 
hazardous behaviour, such as the provision of a platform which can act as a step, and part lies in 
the safety margin provided by the stepladder such that it can withstand reasonable behaviour 
within the range of activities that are likely to be undertaken. Accordingly, stepladders need to 
improve in design such that they do not offer the opportunity for some forms of flagrant misuse: 
if it is unsafe for users to stand on a platform, do not include a platform that looks like a step. It 
is also essential that once the behaviour of users is restricted like this the stability of the 
stepladder is sufficient to tolerate the remaining usage. Instructions and warnings must also be 
improved such that prohibited activities are depicted in an unambiguous fashion, and that users 
are aware of the consequences of ignoring this advice. Importantly, the safety message must not 
be diluted by using the instructions to warn users against activities they will clearly undertake, 
merely as a means of shifting the burden of liability from the manufacturer. 
 
In order to illuminate this subject, and to defend the test specification determined as part of this 
work, instances of behaviour which participants considered reasonable, yet was in contravention 
of recommended practice, are shown below. 
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7.1 REASONABLE USE 
During the trials, participants were free to choose the extent to which they pushed the stepladder 
system. However, few participants actually remained within the typical behaviour patterns 
recommended by the stepladder manufacturers in their instructions and warnings. None of the 
participants, for example, refused to undertake reach tasks which clearly threatened the stability 
of the stepladder. 
 
There were some notable exceptions, as Figure 90 shows. Here, the participant is behaving in a 
controlled and safe manner, using the stepladder perpendicular to the task and not overreaching. 
If all stepladder users followed the same practices, there would be considerably less accidents. 
However, the number of tasks or applications where this can be achieved may be very limited. 
 
Figure 90 
Good stepladder practice 
 
7.2 REASONABLE MISUSE 
More typical in the stepladder participants were varying degrees of foreseeable misuse. 
Examples of these have been included to illustrate the kind of activities that users consider 
acceptable to undertake on stepladders, and which stepladders should safely permit. 
 
7.2.1 Overreaching 
This misuse mode is usually a function of the cost of compliance of the task. The user should 
descend the stepladder and reposition it before continuing with the task, though in practice they 
just reach further and further out. The user’s safety is dependant upon the feedback received 
from the stepladder as to its stability. This mode of misuse is unsafe since current stepladder 
design permits individuals to place themselves sufficiently outside the footprint of the 
stepladder that their centre of gravity can cause the stepladder to tip over. 
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Figure 91 shows a younger participant leaning across to undertake the sawing task. In this 
position, he is unlikely to be able to react rapidly to maintain his balance, whilst his kinaesthetic 
sense will be hampered by the nature of the task. 
 
 
Figure 91 
User centre of gravity displaced to the limit in the x-axis 
 
Figure 92 shows that these leaning activities are not unique. Here the participant displays the 
same postural behaviour, with the knee located outside the stepladder structure. This enables the 
user to lean out further than is anticipated and possibly unbalance the stepladder. 
 
 
Figure 92 
Adopted posture for lateral reach 
 
Figure 93 again shows this posture being adopted to gain extra reach so that additional fasteners 
may be tightened. 
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Figure 93 
Extreme posture used for lateral reach 
 
Body displacement may not be limited to unorthodox posture – the user anthropomorphics may 
also be a key variable. Figure 94 shows how a larger user compromises the stepladder stability 
when reaching. The body shape causes part of the body mass to be outside the stepladder 
footprint, skewing the centre of gravity. 
 
 
Figure 94 
Large user with excessive lateral extension 
 
7.2.2 Unorthodox Postures 
When users are unfamiliar with stepladders, they may adopt unorthodox postures to either 
improve their perceived security or to gain advantage in their reach. Figure 95 shows one 
participant who adopted such a posture to enable her to saw more effectively.  
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This also compromises the stepladder stability, since using her hand to support her torso allows 
her to reach well outside the stepladder footprint. 
 
 
Figure 95 
Posture used for sawing task – lateral extension 
 
7.2.3 Stepladder Cantilevering 
Quite often users will reach for support from objects near them to either stabilise themselves, 
improve their kinaesthetic or to provide mechanical advantage. This may be disadvantageous if 
seeking support from adjoining structures since it may contribute to the stepladder becoming 
unstable. More serious is the use of the stepladder itself to cantilever the body mass. Figure 96 
shows an individual in such a pose, considerably extending his reach by grasping the stepladder 
stile and leaning out. 
 
 
Figure 96 
Extension task using the stepladder to counterbalance (parallel task) 
 132 
7.2.4 Standing On Inappropriate Structures 
One of the most common misuse modes is standing on inappropriate structures within the 
stepladder. This may be partly explained by the nature of the structures themselves, often 
looking like suitable areas to step upon despite the instructions warning otherwise. The top 
platforms of stepladders are an obvious example. 
 
However, users will also make use of other structures as they see appropriate. Figure 97 shows a 
participant using the top step (not platform) of a combination ladder to increase their vertical 
reach. This is a very unsafe practice, threatening both the stability and the structural integrity of 
the stepladder. 
 
 
Figure 97 
Using the top of the combination ladder as a step 
 
This action was made worse later in the trials where the same participant stood with both feet on 
the top step of the stepladder, with no additional support. This is shown in Figure 98. Here, the 
user is essentially relying solely on their sense of balance and trusting completely the stepladder 
structure, despite challenging it in a fashion that is prohibited by the instructions. 
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Figure 98 
Standing on the top step of a combination ladder (stepladder A) 
 
As previously mentioned, the platform of a stepladder is particularly attractive and, 
paradoxically, appears to offer the best location for the feet. For this reason, the advice not to 
step on it appears particularly anachronistic. Not unreasonably, the majority of users utilised the 
platform of the stepladder from which to undertake many of the tasks, as illustrated in Figure 
99. 
 
 
Figure 99 
Standing on the top platform (perpendicular task) 
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Whilst this activity was undesirable in the perpendicular axis, it was much more a threat to the 
stepladder ability in the parallel axis. However, users were still happy to use this footing for the 
parallel tasks. This often lead to users being able to push the stepladder even harder as they 
could place their feet at any point on the stepladder platform, as opposed to the limited positions 
offered by the steps. This activity is shown in Figure 100 (note inappropriate footwear). 
 
 
Figure 100 
Standing on the top platform (parallel task) 
 
7.2.5 Inappropriate Use Of The Guard Rail 
When participants used the top platform to stand upon, they found that extra security could 
apparently be provided by leaning against the guard rail which was supplied with some 
stepladders. Whilst this seems like a natural response, it applies forces through the stepladder in 
a disadvantageous manner, allowing a turning moment. The role of the guard rail was, for most 
users, unclear, since if they are not intended to step on the top platform  the rail seemed 
redundant. However, most users were happy to lean against it when standing on the platform, as 
Figure 101 depicts. 
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Figure 101 
Bracing on the guard rail whilst using the top platform as step 
 
7.2.6 Vertical Over-extension 
One of the most undesirable actions is for the user to vertically overreach from a shorter 
stepladder, instead of obtaining a taller stepladder. Again, this may be seen as a cost of 
compliance issue since the majority of users thought this was unwise, but did it anyway. This 
activity places the user’s mass very high up relative to the stepladder feet, and this can allow the 
centre of gravity to move outside the footprint, since shorter stepladders tend to have smaller 
footprints. Figure 102 shows one participant engaged in this activity. 
 
 
Figure 102 
Maximal vertical reach 
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7.3 CONCLUSION 
The activities illustrated in this section are not exhaustive, but are representative of the types of 
use to which stepladders are typically put. Since it is entirely foreseeable that users will do this, 
manufacturers have a legal obligation under consumer protection law to ensure that the 
stepladder is reasonably safe when used in this way. Simply instructing the user not to do it is 
insufficient. Stepladder designs should not offer features permitting such modes of use, such as 
platforms. Removing these features will restrict the degree by which the user can challenge the 
stepladder. It is then possible to produce a stepladder design which offers sufficient stability to 
withstand the resultant, more moderate, use. Some stepladder designs may not possess sufficient 
stability for such use and could be argued to be unsafe. The test specification outlined in Section 
9 of this report is intended to ensure that stepladders maintain sufficient safety margin to be 
stable when used in this manner, though it is unlikely that it will completely eliminate falls from 
stepladders. Some individuals will still use stepladders in a manner which constitutes abuse and 
which for which sufficient safety margins cannot be ‘designed in’. For these individuals, timely 
and appropriate warnings will help to discharge the manufacturer’s responsibility. 
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8.0 TEST SPECIFICATION 
 
 
8.1 BACKGROUND 
A primary objective of this project is to provide a deterministic test which will identify a specific 
level of stepladder stability sufficient to offer adequate protection to users during the course of 
‘normal use’ (which includes ‘reasonably foreseeable misuse’). 
 
The incorporation of such a test into the stepladder manufacture and supply process would raise 
the level of ‘secondary’ safety available to the stepladder user, such that the risk management is 
not left entirely up to the actions of the individual. This additional safety will also be available at 
all time when the stepladder is in use, and would not require additional user input, accessories or 
behavioural conditions. This could therefore be termed ‘passive safety’. 
 
A further advantage in having such a test lies in the fact that manufacturers will be able to 
demonstrate that their products can offer an acceptable level of safety when the stepladder is used 
in conditions of ‘normal use’ and ‘reasonably foreseeable misuse’. If the test is specified such that 
the forces involved encompass all facets of ‘reasonable use’ as determined by the user themselves, 
then passing the test can be used as a benchmark to show that the ladder structure provides 
adequate stability. This endorsement will be quantifiable, and should help alleviate problems 
associated with accusations of unsafe product. A similar benefit would be enjoyed by employers, 
who could satisfy themselves, and the appropriate authorities, that they had provided appropriate 
equipment for the use of their employees, and that some accident circumstances could not 
therefore be due to their act or default in this respect. It should be remembered however, that such 
a test cannot eliminate all accidents, since some incidents may be multi-factorial in nature or may 
be as a result of deliberate abuse.  In these cases it will still be of value to demonstrate  post 
accident that the ladder had adequate safety capacity and thus that consequently some element of 
use had been ‘unreasonable’ as defined within by current legislation. 
 
8.2 PRINCIPLES 
Generally, any standing structure can be tested for stability while under a particular level of 
loading, where the position or distribution of those loads are specified. In this instance, the loads 
and their distribution are very complex, since they represent a wide diversity of users and uses.  
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However, it remains possible to quantify the magnitudes and placements of these loads and then to 
produce simple representations (parametrics) which can be used as components of a mechanical 
test to ensure adequate stability to meet user demands. 
 
Once the parametrics are established, the simple application of such loads will practically test the 
stepladder structure, where it will either remain stable and intact, demonstrated by remaining 
upright, or fall. In this way the test result will be unambiguously indicated. 
 
Historically, the problem with generating a suitable stability test had been the definition of the 
standard loads to be applied. It has not previously been possible to accurately quantify the 
demands of real life usage and so current test specifications tend to be static in nature and rely on 
simple parameters, such as the anticipated mass of the user. In the search for a more realistic test 
methodology, it has been necessary to define specific values for the load generated by the user. 
While it is possible to arbitrarily define higher and higher standard loads, representing ever 
increasing margins of safety, the choice of progressively higher values will generally increase the 
likelihood of any given test procedure resulting in a failure. 
 
It is therefore both reasonable and pragmatic to set standard loading which match the magnitudes 
of those loads genuinely encountered in ‘normal’ usage. However, it is important to accept that 
‘normal’ usage represents that range of activities that users can reasonably be expected to wish to 
undertake. This is clearly better practice that placing artificial constraints on the desires of the 
user, which are likely to be ignored with inevitable safety consequences. 
 
Obviously, if safety if to be assured for all users undertaking reasonable activities, it is essential to 
select those loads at the most onerous end of the use spectrum. Any value over this will increase 
the ‘margin of safety’ but will also cause tests to produce an unnecessarily high percentage of 
failures. 
 
This reflects the fact that if a test can be specified to protect against the most onerous use, which is 
undertaken by a minority of users, the majority of users will already experience the benefits of an 
increased safety margin. Accordingly, a rigorous test based on real-world parameters will properly 
pass structures as stable in reasonable but extreme duress, and will duly fail substandard 
performers. 
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It is also an important requirement of such a test that any structural stability criteria should 
prescribe a loading position and orientation that corresponds to a real-world usage focus point. 
This reflects the fact that the true pattern of user’s actions upon a stepladder exists as a distributed 
field or complex of minor actions, varying in both space and time. 
 
These forces are variously delivered through the user’s limbs, which are in a state of more or less 
contact with the general stepladder structure. This results in a very dynamic system which is a high 
dimensional mathematical object. Consequently, it is vital that this system undergoes severe 
dimensional reduction before simple equivalents of these dynamics can be generated, such as are 
appropriate for a routine test. 
 
It seems reasonable to consider that, in normal use, the focus of loading will occur primarily 
through foot contact. This will ordinarily represent the single most pertinent action by the user on 
the stepladder during normal use. For practical purposes, the loading ‘action centre’ needs to be 
placed at a position raised above the ground, representing the stepladder’s function as a platform. 
 
This elevation will be realistically dictated by the ladder, and the highest point attainable by the 
user represents the most onerous loading point. Current manufacturer recommendation is that the 
second step from the top is the highest one used, and for this reason this was selected as the 
appropriate test point. It should be noted that whilst this is the recommended highest working 
point, the ability of the user to climb above this remains a design problem for manufacturer’s to 
address. It is patently unreasonable to expect users to restrict themselves to this position if the 
ladder is equipped with further steps which appear completely usable. 
 
Despite this limitation, it remains reasonable to take the, so called, second step as the primary 
action zone. For x-axis stability determination in this position the worst case scenario should be 
considered, which can be represented by applying a load at a point located at the step edge less 
50% of 5th percentile standard shoe width. For y-axis stability determination, the mid point of the 
step is taken. For both these determinations the step contact surface is considered to be the action 
points. 
 
In order to progress on to develop a theoretical model of stability it is important to reduce the 
inherent stability of a stepladder to a minimum number of parameter. With this in mind it is 
possible to consider stepladder stability as a function of three major components:  
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8.3 GEOMETRY 
The stepladder shape and size is clearly intimately involved in any stability assessment. The 
parameters of interest will be the various linear distances between main structures (feet, stiles, 
rungs, etc.) and their attendant angles. These dimensions fully define the skeletal and essential 
structure as a spatial object. Most importantly, they define the footprint of the ladder, which 
shapes the stability envelope for the user. 
 
Weight  
The dead weight of the stepladder is a constant force vector. This acts constantly in the z-axis 
and acts to keep the stepladder stable and assists in stabilising the system when loaded by the 
user. 
 
Standard Load 
The standard load represents the task for which the ladder is being employed. This could be 
very simple (i.e. the ladder in its resting state, with no user) through to very complex (i.e. 
undertaking a highly demanding task). As has already be identified, highly reduced indicators 
are used as parametrics to represent the complex forces involved. For the purposes of the test 
specification a standard load set, parameters LstdX(kg), LstdY(kg) and LstdZ(kg), represent 
actions which would challenge the stability of the stepladder to an extreme in the x- y- and z-
axes respectively. 
 
In order to keep the test specification practical and simple it is intended that these loads are 
applied in pairs according to the axis of interest  It is also proposed that the loads are applied 
simultaneously, to simulate worst case duress. Hence, when testing for x-axis stability, loads in 
the z- and x-axes are employed, while for any y-axis evaluation, loads in the z- and y-axes are 
employed.  
 
8.4 GENERATION OF THE TEST SPECIFICATION 
During the trials the each of the stepladders was subjected to various loading as a function of 
the user driving the system while undertaking normal activities, and they responded with 
varying degrees of stability. This loading was monitored by the data collection equipment. The 
data produced was then processed such that any periods of instability could be identified. These 
periods of instability were quantified and grouped, with the resultant group values being 
referred to as S1x for stability in the x-axis, and S1y for stability in the y-axis. 
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When the magnitude of any periods of instability had been calculated, it was possible to 
determine the extent that the footprint of the ladder would have to be modified to contain all the 
data points: i.e. provide stability in all conditions. These changes were calculated as notional or 
theoretical values, using software developed specifically for this function. Visualisations of the 
changes could be viewed through a graphic interface, examples of which can be seen in Figure 
103. 
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(a) Unmodified data record showing 
periods where the centre of gravity are 
outside the ladder footprint (unstable) 
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(b) Modified data record where the x-
axis has been extended to include all data 
points (stable) 
Figure 103 
Examples of data records showing virtual manipulation of the ladder parameters 
 
In this way, each stepladder can therefore be ‘virtually’ adjusted geometrically in order that the 
extremes of stability demand are just met.  In practice this would represent the stepladder 
providing adequate stability for the all patterns of use observed in the trials. If these patterns of 
use are accepted as ‘normal’ and ‘reasonable’ it can be seen that these virtual models represent 
ladder designs which would provide an acceptable level of stability in everyday use. 
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In order to further examine the complex system made up of the ladder and user, it was necessary 
to identify the key geometric variables which contributed to the overall form of each ladder. 
After scrutiny, it was established that this could be reduced to seven specific parameters, 
identified as A through G, which can be defined thus: 
 
A Width of the ladder feet in the x-axis. 
B Width of the ladder feet in the y-axis. 
C Width of the second step from the top of the ladder. 
D Distance from the second step from the top to the ladder foot in the x-axis. 
E Distance from the second step from the top to the ladder foot in the y-axis. 
F The height from the ground to the upper surface of the second step from the top 
of the stepladder. 
G The distance from the point vertically below the ladder’s centre of gravity to 
the ladder feet in the y-axis. 
 
In addition, some further parameters were considered to be useful: 
 
J The angle between the floor and the stile in the x-axis. 
D The angle between the stile and the floor in the y-axis. 
W The mass of the ladder. 
Shoe The width of a 5th percentile female shoe, considered as a constant at 100 mm 
(representing the smallest likely user, whose mass would be most offset if they 
stood at the edge of a rung). 
 
These dimensions are shown in greater clarity in the schematic in Figure 104. 
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Figure 104 
Schematic of geometry parameters A to G 
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Values for each of these variables were derived for each of the stepladders used in the trials.  
However, the values associated with the production ladders clearly represented designs which 
caused periods of instability when the stepladders were in use. The amount by which the 
stepladders failed to provide adequate stability needed to be determined in order to evaluate the 
necessary design modifications to overcome this shortfall. In order to do this, two transitory 
parameters were calculated representing the excess demand placed on each ladder during 
‘normal’ use, as represented by the trials. These parameters were referred to BetaX and BetaY, 
relating to the excess demand in the x- and y-axes respectively. 
 
Through the evaluation of BetaX and BetaY it was possible to determine the amount by which 
each stepladder’s properties A through G would have to be modified in order for it to provide 
adequate stability.  The revised values for these parameters were calculated and were referred to 
as A* through G*. 
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When these are used to replace the original values it is possible to have a range of stepladders, 
of theoretical (or ‘virtual’) construction, where each offers the capacity to provide adequate 
stability while meeting the most demanding types of use that can be considered as reasonable. 
 
In mathematical terms, each of these theoretical ladders is known to produce intrinsic stability 
indices, in the x-and y-axes, which can be referred to as SintX and SintY. In accordance with the 
original determination of stability through the use of S1x and S1y, In order to provide an 
appropriate level of stability these intrinsic stability indices must be equal to, or greater than, 1.0 
while subject to the standard loading of the users. 
 
Again through the application of the modified variables A* through G* it was possible to adjust 
the theoretically modelled stepladders such that SintX and SintY were equal to, or greater than, 
1.0. Once this has been achieved, the loads in the three axes that these will resist can be 
calculated.  These loads can be shown to be standardised (that is, they represent a common set 
of driving forces generated by the users).  Accordingly, these loads are referred to as termed 
LstdX, LstdY and LstdZ, representing the standard loads in the x- y- and z-axes respectively. 
 
Having determined these loads in the three axes, it is relatively simple to devise a test 
specification where the loads can be generated and applied in a simple and repeatable fashion.  
In practice, the test will then represent an extremely complex set mechanical functions through 
the application of pairs of forces (z and x in the x-axis, z and y in the y-axis) and compliance 
will be demonstrated by the stepladder under scrutiny remaining upright. 
 
The engineering principles behind this methodology are discussed in Section 8.5, and can be 
scrutinised in detail in the separate Technical Report associated with this report. 
 
8.5 ENGINEERING CONSIDERATIONS 
It is possible to consider the stepladder as a mechanical system which opposes turning moments. 
When the load systems are applied as described in the previous Section, the following 
mathematical relationships arise. These effectively define the critical stability conditions for 
both the x- and the y-axes. The point of critical balance occurs when these opponents are equal 
in magnitude – at this point the ladder is just on the verge of falling. 
 
As previously discussed, the point of instability, at which the opposing force (generated by the 
user) and the resistance (generated by the stepladder) are equal, can be represented by the value 
1. If this ratio drops below 1, the system is stable. 
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Above 1, the system fails and the ladder falls. Accordingly, using the data generated, and the 
transformations discussed, it is possible to define a stepladder in this position of critical stability 
(denoted by the value 1) by the following mathematical functions: 
 
For stability in the x-axis: 
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Where: 
W = The mass of the ladder 
A = The width between the feet in the x-axis 
LStdZ = The standard load in the z-axis 
D = The distance the outer edge of the second to top step is inboard of the ladder foot 
Shoe = The width of a 5th percentile female shoe (100 mm) 
LStdX = The standard load in the x-axis 
F = The height of the ladder 
 
For stability in the y-axis: 
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Where: 
W = The mass of the ladder 
G = The distance between the centreline of the ladder and the feet 
LStdZ = The standard load in the z-axis 
E = The offset between the outer middle of the second to top step and the ladder foot 
LStdY = The standard load in the y-axis 
F = The height of the ladder 
 147 
Working from this mathematical definition of absolute stability, a further graded scale of 
stability (the intrinsic stability in the x-or y-axis, SintX or SintY) can be expressed by the 
following mathematical function, where the remaining variables are defined as before: 
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Therefore, it can be seen that for any given stepladder with the physical dimensions A(mm) 
through to G(mm), and with a weight W (kg) , when subjected to loads  LstdX(kg), LstdY(kg) and  
LstdZ(kg), it will exhibit a particular value of SintX or SintY. In simple terms, this means that the 
stepladder’s capacity to resist overbalancing when presented by the ‘standard loading’ is a 
function of some simple geometric dimensions and the stepladder’s weight. 
 
The two intrinsic stability variables define the stability mode of any given stepladder for which 
the values are entered, and they can be categorised as:  
 
SintX or Y < 1 The stepladder is unstable in the given axis 
SintX or Y = 1 The stepladder is at the point of critical instability 
SintX or Y > 1 The stepladder is stable in the given axis 
 
Given that it is desirable for any ladder to be stable in both axes, it is clear that the Sint values 
must all remain at 1 or above.  When this is known it is a relatively simple matter to manipulate 
the stability equation such that the necessary standard load to produce a value of 1 can be 
calculated.  When this value is compared to the standard loads representing the real world use, it 
can be seen whether the ladder would offer adequate stability. 
 
Similarly, the real-world derived standard loads can be used in the equation to illustrate the 
degree to which any given ladder approaches acceptable stability, or even offers excess stability 
(or a safety margin). 
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It is also a simple task to manipulate any of the variables representing the stepladder’s 
geometry, or its mass, such that the design can be revised in order to raise the level of stability 
to an acceptable amount.  Clearly this is of immense value to designers and manufacturers, who 
can experiment with different design criteria without the need for costly prototypes. 
 
8.5.1 Intrinsic Stability Indices 
As can be seen from the equations in section 8.5, parameters SintX and SintY are numerical 
indicators whose values demonstrate a condition of stability. In practical terms this means that a 
stepladder possessing a SintX value of precisely 1.00, when the standard loads derived from the 
trials are used, can be taken as very secure against instability failure when it is under the most 
onerous loading likely to be experienced by users undertaking reasonable tasks. Deviations from 
this value 1.00 can be taken as an enhancement or erosion of the safety margin provided by this 
stepladder. 
 
8.5.2 Standard Loads 
The standard loads are the critical element in the model of stepladder stability, given that for 
each design of stepladder the dimensions and weight will be fixed. These standards load 
parameters are calculated by means of iterative adjustment to best fit within the electronic 
stability prediction model software. However, the generation of these three key values is the 
fundamental element determining whether a stepladder will offer acceptable stability in real life. 
 
It is important to state that the precise function of the standard loads is as a set of parametrics. 
Their values and points of application are calculated to be representative of the highest 
reasonable level of stress with respect to the stepladder’s stability. It is fully acknowledged that 
the force generated by the user is, in reality, a complex phenomenon which varies both spatially 
and temporally. However, in order to develop a practical test it is appropriate to reduce the 
complexity of these into simple and pragmatic equivalents, subject to the justifications and 
analytic methods already described. 
 
Through the application of the equations described, it is possible to bring each of the stepladders 
modelled to a state of theoretical critical stability.  This is achieved through the adjustment of 
the dimensions of the stepladder frame, and hence it’s geometry, or through changing the weight 
of the stepladder. This process generates a new set of dimensions, referred to as A*(mm) 
through to G*(mm) which will define the specification of the design necessary for the 
stepladder to offer acceptable stability. 
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It is then possible to place these new dimensions within the model. In doing this the three 
parameters LstdX(kg), LstdY(kg) and LstdZ(kg) are made common to all sixteen stability state 
equations, existing as pairs for both the x- & y-axes. These can then be inserted into the 
equations previously described. In each case the definitions of the variables remain the same 
except for the consideration that those marked * are calculated rather than measured. 
 
For stability in the x-axis: 
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For stability in the y-axis: 
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Through this process it is possible to find values for the standard loads which deliver a 
consistent set of SintX >= 1 and SintY >= 1 conditions across all of the stepladders, with  
maximum flatness, indicating a consistent safety performance. It can be shown that such an 
optimum set of values can be found and fine adjusted. Figure 105 illustrates the clearly defined 
mathematical relationship between some example variables (stepladder weight and height), 
whilst Figure 106 illustrates the manipulation from the natural (unmodified) values to the values 
corrected to provide adequate intrinsic stability. 
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Weight versus stepladder height - professional 
Figure 105 
Correlation between stepladder weight and height  
 
 150 
 
Natural SintX (#) & SintY (#)
User Independent 
0.00
1.00
A B C D E F G H
Natural SintX (#)
Natural SintY (#)
 
Domestic unmodified 
Natural SintX (#) & SintY (#)
User Independent 
0.00
1.00
A B C D E F G H
Natural SintX (#)
Natural SintY (#)
 
Professional unmodified 
Beta (#) Modified SintX (#) & SintY (#) - Dom
0.00
1.00
A B C D E F G H
Beta Modified SintX (#)
Beta Modified SintY (#)
 
Domestic modified 
Beta (#) Modified SintX (#) & SintY (#) - Pro
0.00
1.00
A B C D E F G H
Beta Modified SintX (#)
Beta Modified SintY (#)
 
Professional modified 
 
Figure 106 
Modification of the Sint values to model adequate stability 
 
It is important to remember that the standard loads must be effective for all stepladder models 
and the relationship of the z-axis and the x- or y-axis forces must be critically balanced to 
produce a universal fit. However, once these values have been calculated they can be taken as 
the model standard loads, representing real-life demands on the ladder system including both 
‘normal’ use and ‘reasonably foreseeable misuse’, for both theoretical calculation and for 
defining a practical test. 
 
When this is done a set of empirical forces are generated. In practice, some differential was 
observed between the forces generated for domestic users and those generated for professional 
users.  The values derived are given in Table 38. 
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Table 38 
Test load specification. 
 
Parameter Domestic user value Professional user value 
 
LstdX 
 
9 kg 
 
9 kg 
 
LstdY 
 
31 kg 
 
30 kg 
 
LstdZ 
 
60 kg 
 
65 kg 
 
These values form the basis of the recommended test specification.  However, given that the 
intention is for safety optimisation, it is suggested that the values for domestic users are adopted 
into the test specification.  This is because they are the more onerous of the two sets of values 
and because untrained professional users will behave as domestic users and hence require 
similar levels of inherent stepladder stability.  Trained or educated professional users will gain 
benefit from this additional stability as an increased safety margin in use. 
 
8.6 PROPOSED TEST SPECIFICATION 
As described in Section 8.5, the technical modeling of the stepladder performance both 
identifies and then quantifies and inherent ability of the stepladder to maintain stability whilst 
subject to a prescribed load. The specific capability to remain stable is numerically expressed by 
two parameters SintX and SintY. The values of these parameters can be derived theoretically 
based on key geometric and structural properties of the stepladder, as well as certain constants. 
The critical stability criteria dictate simply that SintX and SintY should have a numerical  value 
equal to, or greater than, 1.0. 
 
Both the theoretical and practical analysis of stability of the stepladder is based on a single set 
of three load parameters, defined as LStdY (kg), LStdY (kg) and LStdZ (kg). These loads are 
considered as acting at standard loading points on the stepladder, specifically focussed on the 
second step from the top of the ladder, for reasons previously discussed. 
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In the proposed test, the correct application of the loads will determine, as a simple pass-fail 
criteria, whether the stepladder is stable. This criteria is defined on the basis of the strict 
physical definitions discussed, but it should be remembered that these are linked to, and derived 
from, the empirical body of data in these research trials. 
 
The test is performed in the x-axis and the y-axis separately, where: 
· x-axis stability is determined using  LStdX (kg)  and LStdZ (kg). 
· y-axis stability is determined using  LStdY (kg)  and LStdZ (kg). 
 
A schematic of the test is shown in Figure 106. 
 
 
 
 
Figure 107 
Test schematic 
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It can be seen that this schematic closely resembles that of Figure 104 used for defining the 
variables A through to G.  However, it will be noted that the standard load vectors included on 
Figure 104 represent the summation of the complex forces generated during use.  These are 
replaced by the LstdX, Y and Z variables in Figure 107, indicating the correct path for force 
application when the vectors are replaced by the parametrics derived in the data interrogation. 
They also reflect the most appropriate testing strategy given the need for simplicity and 
repeatability without excessive cost. 
 
In practice, the vertical load LStdZ can be applied as a static force, and LStdX or LStdY can be 
applied either progressively until the prescribed value is attained, or can be directly applied, 
with care taken not to shock the stepladder in so doing. In terms of a worst case scenario, it is 
preferable to apply the load directly. However the load is applied, if the stepladder can remain 
standing, then the criteria for critical stability is met. 
 
The standard loads should be applied with an acceptable amount of point accuracy for reasons 
of precision and repeatability. In addition a suitable device will need to be utilised to determine 
whether the feet of the stepladder remain in contact with the floor (essentially, whether the 
ladder passes the test). Given that at any specific time only three of the stepladder feet will be in 
contact during normal use, it will be necessary to scrutinise pairs of feet to determine whether a 
ladder passes or fails the test. The simplest means of achieving this is with a continuity testing 
device. Such a device may consist of a basic wire and bulb circuit, incorporating a pair of 
sprung contacts. One contact could be placed under each of the pair of feet to be tested. If, 
during the test, the continuity is broken by both feet lifting from the floor the bulb would then 
extinguish, clearly indicating that the stepladder had failed the test.  Alternative systems could 
also be considered, but this appears to be the most convenient and reliable. 
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8.6.1 The z-axis test load application 
The load LStdZ can most easily be applied with a simple hook device arranged to drive vertically 
downward on a small radius point. Any dead weight of correct total value will satisfactorily load 
the system. 
 
It is not important where the actual bulk of the weight resides vertically, provided the system is 
behaving as if it were an unconstrained static pendulum from the true loading point at the step 
(i.e. where the load carrier rests on the step). 
Any alternative method which guarantees that the vertical action vector passes through the 
reference point with correct magnitude of force could be considered acceptable, and it may be 
that a suitable device is already employed by test agencies for other purposes. However, for 
reasons of clarity, an example of a suitable test force applicator for LStdZ is shown in Figure 
108. 
 
 
 
Figure 108 
LStdZ load application 
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8.6.2 The x-axis test load application 
The horizontal x-axis loads can be applied with a simple thin cord round the stile of the 
stepladder, arranged to align with the second from top step surface plane and controlled so as to 
act centrally. This is illustrated in Figures 109 and 110. Again, other suitable devices may 
already exist and could be considered as appropriate alternatives. 
 
 
Figure 109 
LStdX load application - plan 
 
 
Figure 110 
LStdX load application – profile 
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8.6.3 The y-axis test load application 
The horizontal y-axis loads can be applied with a simple formed metal hook fixed to the second 
step from the top of the stepladder, arranged to act at the step surface plane and to be applied 
centrally. Figure 111 shows a suitable metal hook device, and Figure 112 this device used for 
the application of the load.  As before, suitable alternatives may already be employed in other 
test applications. 
 
 
Figure 111 
Load applicator - y-axis 
 
 
 
Figure 112 
LStdY load application 
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8.6.4 Standard Loads 
The test loads have been calculated in the manner previously described. In order to optimise 
safety, as already described, it is recommended that a single set of test load values are used, 
representing the demands of domestic users, on the basis that this will ensure the highest level 
of stability. The test load specification can be readily summarised, and this is given in Table 40. 
 
Table 40 
Test load specification. 
 
Parameter Load Application 
 
LstdX 
 
9 kg 
 
Applied at the surface plane of 
the second from top step, 
along the centre line of the 
step. 
 
LstdY 
 
31 kg 
 
Applied at the surface plane of 
the second from top step, at 
the centre of the step width. 
 
LstdZ 
 
60 kg 
 
Applied at the surface plane of 
the second from top step, in 
the centre line of the step. The 
load should be located inboard 
of the inner stile surface by 50 
mm, representing half a small 
shoe width. 
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8.6.5 Test conditions And Notes 
With respect to the test specification, the following conditions apply. 
 
· The successful completion of the practical test will only prove that, for the stepladder under 
scrutiny, SintX >= 1 and SintY >= 1. However, this result gives no information about the 
magnitude of either the surfeit or deficit of stability. It may be advantageous to 
manufacturers to demonstrate the degree of over-performance that a ladder can generate, in 
terms of a percentage increase in load that can be resisted. This can be calculated using the 
equations already given, and the result expressed as percentiles. It would be possible for a 
banding system to be employed, where ladders would fall into safety categories on the basis 
of their degree of over-performance, though this would have to be agreed on an industry-
wide level. It is envisaged that test failure will be absolute, and that there are no acceptable 
levels of stability shortfall. 
 
· The structure of the mathematical definitions of the stability indices, and the underlying 
justification, identify those physical features of the stepladder which are the key elements in 
the determination of its stability. In this way the model can be used to either give theoretical 
predictions of actual values of SintX and SintY, or can be used to identify the relevance and 
significance of any specific structural design element and its contribution to stability. This 
will clearly be of immense interest and practical value to stepladder designers and 
manufacturers. 
 
· For stepladders undergoing design development, the final values of stability index for 
practical production designs could normally expected to be at, or little above, the value of 1. 
The nature of the stability model is not prescriptive toward any particular stepladder 
parameter, but does set out to contain the complete designed system within an envelope, 
which is considered as safe during normal use. 
 
· The manufacturer or designer is free to manipulate his or her stepladder structural design at 
will, but will find that the adjustment of any single key parameter will place collective 
restraint upon all of the other remaining parameters. The final resolution to any such 
modification will amount to a tuned design parameter set. Accordingly, caution will be 
needed in the application of the model developed within this project, to avoid the possibility 
of erroneously adjusting one parameter in isolation which could lead to a stability decrease. 
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· In the test definition, the location of the point chosen for the application of the loads is the 
second step from the top. This location represents recommended practice on behalf of 
manufacturers. However, it would be futile to provide a stability test to ensure user safety at 
this theoretical maximum height, only for design features to permit users to attain higher 
purchase. Accordingly, the test may need to be applied at the highest attainable point on any 
given ladder, rather than at the arbitrary component location of the second step. In this 
scenario, the test specification would not need to be changed, merely the location on the 
stepladder where it is performed. In this way, if a user can attain a higher point the test 
specification will accurately reflect the more onerous demand since the standard loads will 
be harder for the stepladder to resists at this higher location. Hence it can be seen that 
stepladders which permit users to exceed the highest recommended point of use would have 
to provide higher levels of stability. The application of this policy would help to ensure that 
manufacturer’s do not mislead users in the suitability of steps, platforms etc. as suitable 
surfaces for stepping. However, a preferable strategy would be to place a design restriction 
within any future Standard such that no such misleading features were permitted. 
 
· As previously mentioned, the test can be more specifically tailored to different user groups 
and based on their differing patterns of usage. In this project, professional users were seen 
to demand less of the ladder stability, and consequently the test loads required to assure 
stability are different to those for domestic users. It is recommended that the test loads are 
set at a level offering protection to the most demanding users, in this case domestic. 
However, for the sake of precision, the values for professional users have been given. 
Values for other specific user groups can be derived by conducting routine trials at a 
minimum cost.  The application of such values remains the same and they could be readily 
inserted into the model described without additional modification. 
 
· A note on stepladder weight may be of interest to designers. The underlying physical 
mechanism providing the overall stability of the stepladder is partially a function of weight. 
If the stability equations are considered, it can be seen that that the horizontal location of the 
stepladder structure centre of gravity is important, as is the magnitude of the weight itself. 
However, it should be realised that the vertical height of the centre of gravity volume is of 
no importance, possibly contrary to popular intuition. This does mean that mass can be 
distributed with surprising freedom, with concentrations at either high or low elevations. In 
this way there is no design restriction as to the vertical placement of the stepladder’s mass. 
The designer may choose most appropriate location with no effect on stability. 
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9.0 INFORMATION DISSEMINATION 
 
 
It is recommended that a program of information dissemination is undertaken. It is envisaged 
that this will ensure that the maximum benefit of this research is enjoyed by stepladder 
manufacturers, stepladder users, employers, safety agencies, standards committees and safety 
practitioners. It is likely that the information may take different forms for each target group, and 
these forms will need to be agreed with the HSE on a case by case basis, and after the test 
specification has been approved. 
 
At this time, the following information dissemination strategies are recommended: 
 
· Circulate the findings amongst standards-making bodies and legislation authorities, in order 
to contribute to the pool of knowledge and to enable more effective and better targeted 
Standards and legislation. 
· Publish the research methodology and key findings in learned journals, to raise the 
academic awareness of the systems involved and to raise the general state of knowledge on 
the subject. 
· Publish the research methodology and key findings in more popular publications, such as 
trade magazines, health and safety publications, consumer safety publications, general 
science periodicals, etc. 
· Where possible, secure promotional opportunities through other media such as radio and 
television. 
· Promote the work through internet resources, such as the HSE web site, Loughborough 
University web site, RICE web site, and other sites hosted for interested parties such as 
Trading Standards officers, safety practitioners, etc. 
· Where possible, encourage international interest, particularly within the EC, where 
standards harmonisation is a key issue. This may be achieved through the numerous 
collaborative safety organisations distributed throughout the EC and in other countries. 
· Develop guidance and instructional leaflets to educate manufacturers, employers and users 
of stepladders on identifying good design and best practice in use. 
· Provide a central information resource where interested parties may obtain advice (this may 
be as part of the HSE’s publication or advice service). 
· Linking to the “Falls from Height” Key Priority Programme. 
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10.0 CONCLUSIONS AND RECOMMENDATIONS 
 
 
Following completion of this investigation, the following conclusions are drawn and 
recommendations made. 
 
10.1 CONCLUSIONS 
This study has evaluated the current provision of safety, in the form of stability, made by 
stepladders for professional and domestic users. It has evaluated and quantified the demand 
made of the stepladder by users when engaged in stepladder-based activities. These activities 
have been performed up to the limits imposed by the users themselves, and thus accurately 
represents real life use. The innovative data recording method employed allowed the users to 
continue trials whilst the stepladders were technically in a condition of instability, and hence the 
margin of safety (or otherwise) has also been critically scrutinised. 
 
By considering stepladder safety from the perspective of the needs and expectations of the user, 
it has been possible to produce a specification for typical use which realistically represents the 
normal and reasonably foreseeable demands that the stepladder must withstand in order to 
provide an adequate degree of stability and safety. This has been shown to be considerably 
higher than the levels inherent in modern stepladder design. 
 
Because of this shortfall, it is apparent that more stringent technical requirements are required 
than those currently embodied in the Standards controlling these products. Through modelling 
and data manipulation, an improved test specification is proposed that will ensure an adequate 
level of safety can be provided without unnecessary design restriction. 
 
The quality of the instructions and warnings that accompany stepladders has also been shown to 
be not only inappropriate  but also, on occasion, contradictory and unreasonable. In addition, the 
variability in the location of the instructions is such that quite often they are not even noticed. 
This area clearly needs considerable improvement and greater control within the standards 
applicable to this product group. This area is clearly worthy of more research and should be 
treated as a priority following on from improvements to the mechanical safety of stepladders. 
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Warnings should be optimised, as should their location, in line with best practice. More 
importantly, instructions should acknowledge the true nature of stepladder use and not attempt 
to pass responsibility for stepladder design safety onto the user. User behaviour should define 
the reasonable use which stepladders should tolerate, and the warnings should deal with other 
conditions. 
 
It has also been observed that there is a clear difference between the behaviour of domestic and 
professional users. This can be manipulated to improve the safety provided. Clearly, domestic 
users are unlikely to be trained and have no supervision so are more dependent on the passive 
safety associated with inherent stepladder features. Professional users, however, whilst driving 
stepladder systems harder may be better controlled through training and supervision, and these 
strategies should be employed to improve workplace safety.  
 
10.2 RECOMMENDATIONS 
The following recommendations are made: 
· The test specification is validated against bespoke stepladders designed to meet it. Given 
that it seems likely that the current product range could be easily modified to meet this 
specification this should be relatively simple. However, innovative designs may also be 
forthcoming, and these may also be tested to ensure that the specification results in the 
desired level of stability. 
· Requirements for adequate warnings and instructions are incorporated into all relevant 
Standards, and that these requirements are harmonised. 
· Any warning requirements are based on best practice in their design, and any pictograms can 
be shown to be effective through independent verification (such as the ANSI test for symbols). 
· Stepladder warnings should acknowledge reasonable use and not seek to prohibit it. 
Accordingly, stepladder design should permit such use and warnings should be restricted to 
educating the user in managing the residual risk that is unavoidable. 
· Professional stepladder users should have a statutory training requirement which should be 
recorded and maintained over time. 
· Employers should be encouraged to improve ‘policing’ of stepladder use, as this is one of 
the best deterrents of bad practice. 
· Stepladder designs should be scrutinised to identify new initiatives which could encourage 
good practice. Design features which appear to endorse dangerous activities, such as robust 
looking platforms not intended to be used as a step, should be removed and potentially 
eliminated by better Standards writing. 
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· In consultation with the relevant Committees, Stepladder Standards should be reduced to 
only two categories, industrial and domestic. This acknowledges the similarity between 
domestic and light trade activities and differentiates stepladders on the basis of user 
knowledge and behaviour. 
· This research is extended to include leaning ladders and ladder safety devices. 
· This work is further extended to consider ladder stability devices. 
· The motivations as to why individuals take risks should also be explored so as to facilitate 
better ladder design and improved instructional material. 
· To explore the capabilities of the predictive stability software developed as part of this 
project and its capacity to offer rapid evaluation of ladder systems and designs. 
· To evaluate the possibility of releasing the predictive stability software as a stand-alone 
product, to be made available to interested parties. 
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Appendix 1 & 2 
Anthropometric and functional user profiling 
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Domestic users - Anthropometric and functional user profiling 
Subject Sex Age Weight Stature Reach Leg Knee ht Shoulder ht (R) Foot (L) Foot Step up Step down 
1 M 66 98.5 1756 790 885 555 1475 264 261 200.00 120.00 
2 F 47 57 1588 670 770 460 1260 220 224 196.67 73.33 
3 M 27 67.5 1664 720 870 475 1132 225 227 236.67 66.67 
4 M 32 83 1664 725 855 495 1136 245 247 290.00 116.67 
5 M 50 97.5 1842 785 970 575 1535 262 264 116.67 200.00 
6 M 58 102 1853 800 930 585 1540 274 274 210.00 116.67 
7 M 57 81 1795 800 820 560 1149 273 280 376.67 150.00 
8 M 66 85.5 1780 740 920 535 1146 260 262 236.67 120.00 
9 M 62 92.5 1757 730 905 525 1460 258 257 263.33 116.67 
10 M 61 80.5 1795 770 910 530 1450 261 260 210.00 123.33 
11 M 67 77.5 1693 710 860 480 1390 251 252 300.00 170.00 
12 M 29 75 1778 760 890 520 1435 267 263 260.00 116.67 
13 M 64 103 1803 820 910 550 1520 287 282 323.33 46.67 
14 M 61 76 1678 700 810 515 1365 237 237 240.00 113.33 
15 M 42 108 1750 760 880 510 1460 260 260 313.33 136.67 
16 M 40 72 1766 765 940 540 1450 251 252 266.67 123.33 
17 M 53 110 1739 810 910 540 1144 273 277 216.67 120.00 
18 F 55 91.5 1611 720 845 510 1345 233 237 260.00 143.33 
19 F 31 43.5 1617 660 890 520 1320 227 223 296.67 106.67 
20 M 49 88.5 1799 775 900 575 1480 255 262 330.00 133.33 
21 M 29 56.5 1710 740 890 540 1440 255 257 253.33 66.67 
22 M 37 71.5 1688 760 895 555 1410 260 267 233.33 166.67 
23 M 65 98 1784 780 860 540 1470 295 268 253.33 120.00 
24 M 40 126 1821 800 915 570 1460 281 284 293.33 136.67 
25 M 27 74.5 1643 715 850 460 1330 241 238 220.00 70.00 
26 M 57 97 1681 765 895 510 1410 276 275 210.00 130.00 
27 M 54 80.5 1820 760 960 570 1520 266 259 240.00 140.00 
28 M 30 61 1755 740 895 520 1450 259 257 333.33 133.33 
29 M 47 90.5 1818 800 960 570 1520 275 279 310.00 143.33 
30 M 28 73 1676 720 800 530 1330 263 264 293.33 126.67 
31 M 30 66 1739 800 950 510 1420 257 260 246.67 116.67 
32 M 54 75.5 1690 750 890 530 1340 265 259 306.67 93.33 
33 M 59 96.5 1772 820 900 550 1470 290 288 286.67 93.33 
34 M 50 76.5 1770 820 940 540 1510 370 380 273.33 273.3 
35 M 23 81 1758 790 910 550 1450 260 259 246.67 103.33 
36 M 37 86.5 1795 830 930 530 1490 264 259 310.00 173.33 
37 M 57 90 1779 760 910 570 1490 267 269 276.67 150.00 
38 M 23 71 1790 810 900 520 1450 255 259 233.33 130.00 
39 M 47 73 1796 800 930 550 1490 265 265 240.00 116.67 
40 M 20 99.5 1826 850 930 565 1495 281 269 160.00 73.3 
41 F 27 70 156.9 690 850 500 1290 238 239 260.00 140.00 
Mean  45.3 83.0 1707.2 763.7 893.4 532.6 1400.7 262.6 262.3 259.1 124.6 
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Appendix 2 - Professional users - Anthropometric and functional user profiling 
Subject number Sex Age Weight Stature Reach Leg Knee ht Shoulder ht (R) Foot (L) Foot Step up Step down 
1 M 41.0 87.5 1845.0 825.0 950.0 560.0 1510.0 256.0 271.0 306.7 190.0 
2 M 26.0 61.0 1718.0 720.0 850.0 500.0 1380.0 236.0 232.0 286.7 170.0 
3 M 30.0 98.0 1834.0 825.0 940.0 540.0 1510.0 272.0 276.0 270.0 123.3 
4 M 36.0 91.0 1756.0 780.0 895.0 520.0 1470.0 256.0 254.0 203.3 120.0 
5 M 50.0 66.0 1681.0 725.0 840.0 520.0 1395.0 250.0 250.0 223.3 150.0 
6 M 19.0 66.0 1700.0 700.0 850.0 510.0 1400.0 257.0 259.0 290.0 83.3 
7 M 58.0 92.5 1699.0 785.0 865.0 540.0 1420.0 245.0 246.0 213.3 160.0 
8 M 43.0 93.0 1816.0 790.0 860.0 550.0 1510.0 282.0 277.0 240.0 130.0 
9 M 47.0 77.0 1766.0 760.0 920.0 540.0 1460.0 268.0 272.0 240.0 120.0 
10 M 28.0 92.0 1835.0 780.0 910.0 560.0 1530.0 286.0 290.0 216.7 103.3 
Mean  37.8 82.4 1765.0 769.0 888.0 534.0 1458.5 260.8 262.7 249.0 135.0 
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Appendix 3 
Preferred step height 
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This data was gathered using the following procedure: 
 
A wooden, right angled, triangular block with platform, as shown the Figure below, was placed 
in front of the participant. A standardisation tool was applied to the participant’s foot. This was 
in order to maintain the foot in a straight position and to ensure measurements were consistent. 
The participant was then asked to step onto the slope at a height that felt comfortable. The point 
where the tool touched the block was considered as the measured point. This procedure was 
repeated three times, which provides an averaged ascent- step height. This process was repeated 
with the participant standing on the platform. They were asked to step down onto the slope 
backwards, at a height that felt comfortable. The point at which the tool touched the slope was 
noted. Again, the three measurements were averaged to give a preferred descent-step height.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Device used to measure comfortable step height. 
direction of step 
650mm 
440mm 
90° 
200 
300 
400 
100 
200m
450mm
Standardisation 
tool 
 180 
 181 
 
 
 
Appendix 4 
Perceived Hazard Scores 
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Perceived hazard scores for professional 
users 
Subject Injury rate
1 1
2 1
3 1
4 1
5 0
6 2
7 3
8 2
9 3
10 0
AVERAGE 1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Perceived hazard scores for domestic 
users 
Subject Perceived risk
1 3
2 3
3 2
4 1
5 6
6 3
7 2
8 2
9 1
10 2
11 3
12 3
13 2
14 0
15 1
16 3
17 0
19 2
20 2
21 4
22 1
23 2
24 1
25 2
26 3
27 1
28 0
29 2
30 1
31 0
32 2
33 0
34 2
35 2
36 1
37 1
38 3
39 0
40 2
41 2
AVERAGE 2  
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Appendix 5 
Perceived risk scores 
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Professional perceived risk scores  
Subject Death rate
1 4
2 3
3 2
4 4
5 2
6 2
7 1
8 2
9 5
10 5
AVERAGE 3  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Domestic perceived risk scores 
Subject Death rate
1 2
2 3
3 5
4 3
5 2
6 2
7 2
8 2
9 2
10 0
11 2
12 2
13 0
14 5
15 6
16 3
17 4
19 2
20 0
21 4
22 4
23 2
24 3
25 2
26 1
27 2
28 7
29 2
30 1
31 0
32 1
33 0
34 1
35 0
36 2
37 2
38 3
39 2
40 2
41 1
AVERAGE 2  
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Appendix 6 
The Zuckerman Sensation Seeking Scale questions 
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A I like “wild” uninhibited parties. 
B I prefer quiet parties with good conversation. 
 
A There are some movies I enjoy seeing a second or even a third time. 
B I can’t stand watching a movie that I’ve seen before. 
 
A I often wish I could be a mountain climber. 
B I can’t understand people who risk their necks climbing mountains. 
 
A I dislike all body odours. 
B I like some of the earthy body smells. 
 
A I get bored seeing the same old faces. 
B I like the comfortable familiarity of everyday friends. 
 
A I like to explore a strange city or section of town by myself, even if it  
 means getting lost.  
B I prefer a guide when I am in a place I don’t know well. 
 
A I dislike people who do or say things just to shock or upset others. 
B When you can predict almost everything a person will do and say, he or she must be a 
bore. 
 
A I usually don’t enjoy a movie or play where I can predict what will happen in   
 advance. 
B I don’t mind watching a movie or play where I can predict what will happen in advance. 
 
A I have tried marijuana or would like to. 
B I would never try marijuana. 
 
A I would not like to try any drug which might produce strange and dangerous  
effects on me. 
B I would like to try some of the drugs that produce hallucinations. 
 
A A sensible person avoids activities that are dangerous. 
B I sometimes like to do things that are a little frightening. 
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A I dislike being with people who live life in the fast lane. 
B I enjoy the company of people who live life in the fast lane. 
 
A I find that stimulants make me uncomfortable. 
B I often like to get high (drinking alcohol or smoking marijuana). 
 
A I like to try new foods that I have never tasted before. 
B I order the dishes with which I am familiar, so as to avoid disappointment  
or unpleasantness. 
 
A I enjoy looking at other peoples’ home videos or holiday snaps. 
B Looking at other peoples’ home videos or holiday snaps bores me tremendously. 
 
A I would like to take up snow boarding or paragliding. 
B I would not like to take up snow boarding or paragliding. 
 
A I would like to try surf-boarding or water skiing. 
B I would not like to try surf-boarding or water skiing. 
 
A I would like to take off on a trip with no pre-planned or definite routes,  
or timetable. 
B When I go on a trip I like to plan my route and timetable fairly carefully. 
 
A I prefer “down-to-earth” kinds of people as friends. 
B I would like to have extrovert-type friends such as artists or writers. 
 
A I would not like to learn to fly an aeroplane. 
B I would like to learn to fly an aeroplane. 
 
A I prefer being above water rather than under it. 
B I would like to go scuba diving. 
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A I would happily work with people who carry the HIV virus. 
B I stay away from anyone I suspect of carrying the HIV virus. 
 
A I would like to try parachute jumping. 
B I would never want to try jumping out of a plane. 
 
A I prefer friends who are excitingly unpredictable. 
B I prefer friends who are reliable and predictable. 
 
A I am not interested in experience for its own sake. 
B I like to have new and exciting experiences and sensations even if they 
they are a little frightening, unconventional or illegal. 
 
A The essence of good art is in its clarity, symmetry of form and harmony  
of colours. 
B I often find beauty in the “clashing” colours and irregular forms of modern   
painting.  
 
A I enjoy spending time in the familiar surroundings of home. 
B I get very restless if I have to stay around home for any length of time. 
 
A I like to dive off the high board. 
B I don’t like the feeling I get standing on the high board (or I don’t go  
near it at all). 
 
A I like to date members of the opposite sex who are physically exciting.    
B I prefer to date members of the opposite sex who share my values.  
 
A Heavy drinking usually ruins a party because some people get loud  
and boisterous. 
B Keeping the drinks full is the key to a good party. 
 
A The worst social sin is to be rude. 
B The worst social sin is to be a bore. 
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A A person should have considerable sexual experience before marriage. 
B It would be better if two married persons began their sexual experiences with  
each other. 
 
A Even if I had the money, I would not like to associate with people who are part of  
   the “jet set”. 
B I could conceive of myself seeking pleasure around the world with the  
“jet set”.  
 
A I like people who are sharp and witty even if they do sometimes insult others. 
B I dislike people who have their fun in the expense of hurting the feelings of      
others. 
 
A There is altogether too much portrayal of sex in movies. 
B I enjoy watching the sex scenes in movies. 
 
A I feel at my best after having a couple of drinks. 
B Something is wrong with people who need alcohol to feel good. 
 
A People should dress according to some standards of taste, neatness,  
and style. 
B People should dress in individual way even if the effects are sometimes  
strange.  
 
A Sailing long distances in small sailing crafts is reckless. 
B I would like to sail long distances in a small but seaworthy boat. 
 
A I have no patience with dull or boring people. 
B I find something interesting in almost every person I talk with. 
 
A Skiing fast down a high mountain slope is a good way to end up on crutches. 
B I think I would enjoy the sensations of skiing very fast down a high mountain  
slope. 
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Appendix 7 
Professional ‘Sensation Seeking Scores’ (SSS) 
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Professional user’s SSS 
 
Subject Sensation seeking
1 10
2 19
3 13
4 23
5 12
6 25
7 16
8 8
9 22
10 19
AVERAGE 17  
 
 
 
Professional user’s SSS by age 
 
Subject Age Sensation seeking
6 19 25
4 36 23
9 47 22
2 26 19
10 28 19
7 58 16
3 30 13
5 50 12
1 41 10
8 43 8
AVERAGE 38 17  
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Appendix 8 
Domestic ‘Sensation Seeking Scores’ (SSS) 
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Domestic user’s SSS 
 
Subject Sensation seeking
1 11
2 15
3 18
4 18
5 14
6 9
7 18
8 13
9 22
10 9
11 21
12 21
13 12
14 12
15 24
16 29
17 16
19 14
20 16
21 19
22 7
23 21
24 9
25 7
26 11
27 15
28 31
29 32
30 27
31 23
32 10
33 15
34 31
35 25
36 32
37 9
38 27
39 12
40 20
41 20
AVERAGE 18  
 
 
 
 
 
 
Domestic user’s SSS by age 
 
Subject Age Sensation seeking
29 47 32
36 37 32
28 30 31
34 50 31
16 40 29
30 28 27
38 23 27
35 23 25
15 42 24
31 30 23
9 62 22
11 65 21
12 29 21
23 65 21
40 20 20
41 27 20
21 29 19
3 27 18
4 32 18
7 57 18
17 53 16
20 49 16
2 47 15
27 54 15
33 59 15
5 50 14
19 31 14
8 65 13
13 64 12
14 61 12
39 47 12
1 65 11
26 57 11
32 54 10
6 58 9
10 61 9
24 40 9
37 57 9
22 37 7
25 27 7
AVERAGE 45 18  
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Appendix 9 
Behavioural compliance scores 
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Professional user’s behavioural 
compliance scores 
 
Subject Compliance
1 2
2 2
3 3
4 2
5 2
6 2
7 4
8 2
9 3
10 4
AVERAGE 3  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Domestic user’s behavioural compliance 
scores 
 
Subject Compliance
1 2
2 4
3 2
4 1
5 3
6 3
7 2
8 3
9 4
10 1
11 3
12 2
13 2
14 3
15 4
16 2
17 2
19 2
20 4
21 4
22 3
23 3
24 2
25 1
26 2
27 3
28 4
29 4
30 1
31 4
32 2
33 3
34 3
35 3
36 2
37 3
38 3
39 2
40 3
41 2
AVERAGE 3  
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Appendix 10 
Stepladder safety perception rating score sheet 
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a) Domestic 
 
Please choose a number between 1 and 11 after each task. 
 
1 = Very safe…….11 = Very unsafe 
 
Board 1 No. Board 2 No. 
Task 1 – Drilling  Task 5 - Drilling  
Task 2 – Low wingnuts  Task 6 - Low wingnuts  
Task 3 - Sawing  Task 7 - Sawing  
Task 4 – High wingnuts  Task 8 - High wingnuts  
Task 9 – Pushing a heavy load  
 
Would you consider buying this stepladder       YES/NO If no, 
why?……………………………………………………………………………………. 
 
b) Professional 
 
Please choose a number between 1 and 11 after each task. 
 
1 = Very safe…….11 = Very unsafe 
 
Board 1 No. General No. 
Task 1 – Drilling  Task 10 - Lifting bucket  
Task 2 – Low wingnuts  Task 11 – Transferring bucket  
Task 3 - Sawing  Task 12 - Lowering bucket  
Task 4 – High wingnuts  Task 13 – Roofing felt onto shelf  
Board 2  Task 14 – Collect roofing felt  
Task 5 – Drilling    
Task 6 - Low wingnuts    
Task 7 - Sawing    
Task 8 - High wingnuts    
Task 9 – NOT IN USE    
 
Would you consider buying this stepladder?       YES/NO       If not, why? 
…………………………………………………………………………………… 
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Appendix 11 
Reasonably foreseeable misuse task scores 
 
 
 212 
 
 
 213 
Professional user’s scores 
 
Reasonable use
10
8
7
9
7
9
9
10
10
9
Average 8.8
SD 1.1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Domestic user’s scores 
 
Reasonable use
9.0
8.0
8.0
9.0
5.0
5.0
10.0
9.0
8.0
7.0
8.0
7.0
9.0
6.0
10.0
4.0
6.0
11.0
6.0
9.0
10.0
8.0
7.0
8.0
7.0
8.0
9.0
9.0
7.0
8.0
9.0
10.0
8.0
6.0
10.0
6.0
8.0
3.0
8.0
7.0
Average 7.5
SD 3.7  
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 1 
1 TECHNICAL OBJECTIVES 
The objective was to measure and quantify the stability and action dynamics of stepladders 
during a range of tasks and with a large user group, in order to gain insight both qualitatively 
and quantitatively into stepladder performance.  Practical user performance was utilised as the 
driving action upon the ladder, and was regarded as the basis for determining both actual and 
desirable levels of ladder stability, to meet qualified worst case conditions. 
 
A general initial objective was to accurately measure a set of dynamics parameters, specifically 
the forces that drive the ladder (driving forces) and consequent motion, and to calculate 
prevailing levels of duress and ladder stability from this data. The action centre of gravity at 
ground level was a key parameter in this stability assessment. If this point moved outside the 
ladder footprint at any time, then the ladder system could have overbalanced. This critical event 
might be salvageable by the user, but could not be relied upon, since the onset is reached 
without any warning or cue. 
 
In order that users could both reach and exceed a stability limiting condition, it was necessary to 
constrain the feet of the ladders. This was accomplished with loose, flexible and short coupling 
such that no extra pre-stress or rigidity was imparted to the greater ladder structure. By doing 
so, a domain of information became accessible, which indicated natural user working limits, 
irrespective of the stability or mechanical limitations of the ladder structure. This natural limit 
data set would have been entirely unavailable if stability failure had been simply allowed to 
happen. The unconstrained experiment can be trivially reconstructed by the first occurrence of a 
detected stability overlimit condition. The technology used allowed the detection of the precise 
moment at which stability overload occurred.  
 
Subsequently, a physical equivalent model expressing the inherent or intrinsic stability of a 
ladder was developed to include a force loading model designed to press the stability 
requirement to an appropriately high level.  
 
Practical stability verification tests were also developed. Central to this was the concept of 
critical stability. This is defined as the inherent ability of a stepladder to just withstand the worst 
case of destabilising duress acting on the climbing frame, but still associated within a normal 
usage envelope.  
 
These techniques produced a general body of measurement data, quantifying much of the 
important ladder dynamics.  
 2 
The collective set of data has been developed in various ways, as well as made available for 
reference or extended analysis by interested parties. Furthermore, certain sections of data, of 
most relevance to immediate strength and long term durability issues and were not extensively 
analysed here. 
 3 
2 THEORETICAL CONSIDERATIONS 
User activity whilst upon the ladder delivered a continuously varying loading vector. The nature 
and magnitude of this force has important implications to short term performance of the ladder, 
particularly regarding stability and immediate structural strength, and to long term durability 
and duty issues. 
 
The exact nature of the action loading was genuinely complex, existing as a distributed force 
field varying both spatially and temporally. Strictly this was a high dimensional vector field. 
Whatever complexity the particular instantaneous loading pattern takes, the totality of action 
appears at the contact interface with the ground and was exactly matched in the form of a 
balancing reaction within stability limits. The totality of distributed drive was naturally 
accumulated by the rigid structural nature of the ladder, and presented as a single point vector 
which acts upon the structure in equivalent effect. It was the ground reaction which was actually 
measured directly by the instrumentation, and which by direct inference allows the driving 
action to be determined. 
 
The position of the centre of gravity of the user plus the ladder system was of central 
importance in the consideration of tip stability. The structure would remain stable provided the 
C of G (centre of gravity) was within the footprint described by the feet locations and will 
ordinarily collapse if the C of G migrates beyond this zone. C of G was directly monitored by 
the ground reaction platform and used as a basis for extended analysis of structural stability. 
 
A generalised physical equivalent model was developed of the geometrical and mechanical 
condition of the stepladders in both the X and Y axis, as shown in Figure 1. This was utilised as 
a functional analogue of the real system.  
 
 4 
 
 
Figure 1 Physical model showing geometrical and mechanical conditions of stepladders 
 
The parameters for this model may be found in Table 1. 
 
Table 1 Definition of the parameters within the geometrical and mechanical model of the 
stepladder 
Parameter Definition 
A Horizontal distance between the feet in the X axis 
B Horizontal distance between the feet in the Y axis 
C Width of the second step in the X axis 
D Horizontal inset distance from the feet to the outside edge of the second step 
E Forward horizontal displacement of the second step measured from the feet 
F Height of second step measured from the ground 
G Horizontal distance of the volumetric C of G of the ladder to the outside edge 
of the ladder feet 
 
For the purposes of this work, it was convenient and productive to define a standard loading 
position on which the model was formulated.  
 5 
The standard action or loading position was taken to be the 2nd step. This step was nominated on 
the basis of manufacturer’s recommendations for safe use. Additionally, this position was most 
adverse with regard to structural stability, within the guidelines of manufacturer’s 
recommendations; as increasing height for a given fixed load, generally erodes stability 
margins. For the X-axis, or lateral stability considerations, the loading point was taken to an 
extreme step edge, modified by 0.5 of the width of the 5th percentile, female shoe width. See 
also Section 3.3 and 7.4. 
 
The geometrical elements of the model were simplistic but key dimensions. No consideration 
was given to subtlety of form or detailed design. This was justifiable on the grounds that the 
ladder was operating as an almost perfect classical rigid structure. While various small 
deflections and distortions did occur as a result of user loading, these are negligible in relative 
dimension and do not affect numerical outcomes of various stability indicators. However, 
despite very small flexure distortions the stability platform was able to determine the state of the 
structure with a high level of accuracy.  
 
The main form of the model was as a predictor of stability; it considers the ladder structure as 
opposing tortions. The ladder has a clear mechanical limit of tolerance in this regard and, once 
reached, will ordinarily fail immediately and without warning. 
 
 
2.1 TASK TYPE – RIGID CONTACT    1 AND  5  
In constant and high force type tasks, as exist with drilling or hard pulling and pushing with a 
positive hand-tool grip, the ladder and user can be regarded as a connected mechanical system 
and therefore can be technically stable, but with soft failure into instability. Soft failure may be 
defined as the propensity of the user to determine the actual stability state of the structure, and 
modulate their activities accordingly, in order to prevent overbalancing. 
 
With only two ladder feet remaining in active ground contact, the rigid contact through the 
user’s arm becomes a third point of support. This type of activity may well involve the user 
employing a limb in a type of locked contact with the ladder. In this condition the ground 
reaction C of G does not pass within the ladder footprint. Yet, this is effectively a tripod system, 
and as such can maintain the ladder-user system in a stable, albeit precarious condition. In this 
mode of use, the user actually has significant surety within real limits of both the ladder and his 
own general sensory skills.  
 6 
Due to the explanation given above, measured levels of C of G overlimit were found to be much 
higher for Rigid Contact type tasks in comparison to Loose Contact type tasks. Typically, there 
is an order of magnitude difference when viewed either as linear over-limit distance or 
accumulated time at over-limit. Thus, this type of task was excluded from the core of developed 
analysis for the critical stability assessments. 
 
 
2.2 TASK TYPE – LOOSE CONTACT  2 to 4  &  6 to 8  & 10 to 14 
In the case of loose grip contact with any external rigid structures, such as all reaching or lifting 
tasks, or cyclic tasks such as sawing or painting, then stability is hard limited. If the ground 
reaction C of G passes outside the ladder footprint, then instability will ordinarily produce 
sudden and catastrophic collapse of the ladder-user system. The near total lack of direct hand 
contact with any external rigid structure precludes any real possibility of the user reacting in any 
useful way to recover the situation. Only this type of task is considered for the core of 
developed analysis for the critical stability assessments. 
 
 
2.3 TASK TYPE – SLIP  9 
This task produced traction loss at the feet and horizontal slip for high enough levels of friction 
demand. Tip type stability was not an issue in this case. An entirely separate analysis 
methodology was used to manage and quantify this data class. 
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3 PRACTICAL RIG DESIGN  
3.1 THE LADDER AS A BISTABLE STRUCTURE 
The interface between the ground and the free-standing structure of the stepladder was of 
central importance with respect to the measurement of stability and levels of action duress. It 
may seem obvious that given a four-footed structure, then four dynamometer-type transducers 
are required to fully measure the system activity. In fact, this route has shortcomings. The 
ladder actually fully supports on three, and only three, feet. This is not ordinarily visible, yet, 
the entire load on the global structure of the ladder is concentrated on a tripod, consisting of 
three ground contact points only; there always being a forth ‘dummy’ leg carrying minimal or 
exactly zero load, as shown in Figure 2. The ladder behaves as a bistable structure, where foot 
triplets are periodically abruptly changing between one of two possible states as the total action 
on the ladder changes and repositions the C of G vector.  
 
 
Figure 2 Example of a foot triplet and ‘dummy leg’ carrying minimal load 
 
Small inertially generated ground reaction transients as the ladder settles may accompany this 
modal change. These transients are not strictly user delivered, but rather an artefact of the 
particular standing structure. The ground, as a solid structure in its own right, will respond in 
exact sympathy and counteract the total delivered load. 
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If an action transducer were used at each of the four feet to measure the total ground reaction, 
then it would be necessary to add various elementally measured vectors in order to obtain the 
total vector drive. But for the reasons previously explained, one pair of transducers would 
receive sharp edge force impulses as the standing mode adjusts. 
 
Due to variations in phase timing of these transient events, when simply added numerically, 
compounded vector quantities would include signal components erroneously indicating 
momentarily high values of user generated drive, and thus would be a source of 
misinterpretation. The method employed in this trial was to provide the ladder with a genuine, 
continuous, rigid ground plane, and to measure the action on this directly. Kinematic mounting 
considerations again indicated a tri-point registration method and the dynamometer rig as a 
whole was constructed accordingly. 
 
 
3.2 GRP – GROUND REACTION PLATFORM 
A rigid ground reaction plane or platform was provided upon which ladders were placed in the 
recommended position of usage. This plane was supported on a tri-point dynamometer rig, 
suitably instrumented to resolve forces in three dimensions. Each of the three contact points was 
designed to support the platform with zero pre-stress, but collectively register the platform 
immobile. Each support point transducer responds to three mutually orthogonal action vectors, 
and delivered scaled and independent signals. Through calibration scaling and appropriate 
vector combination, the total six dimensional ground reaction vector was continuously available 
for analysis – this specifically consisting of three linear forces and three tortions.  
 9 
 
 
 
Figure 3 Ground reaction platform 
3.3 DISPLACEMENT TRANSDUCERS 
2nd step displacement was monitored by cord transducers. Thin cords, under light continuous 
tension, are affixed to the step in strategic locations. Step motion results in sympathetic 
movement in the cord, which was sensed by an appropriate mechanism within the transducer. 
Signal output varies in direct relation to cord displacement, and hence to step displacement. 
Three such sensors in all allowed step displacement to be determined laterally in both the X and 
Y-axis, and rotationally in the horizontal. 
 
 
3.4 CONSTRAINT  OF LADDERS 
The ladders on the GRP had their the feet tethered to the platform. This was done in such a way 
as to impart only minimal additional strength or support rigidity to the ladder, as well as to 
maintain proximity of the feet to registration positions. Strong nylon cable ties were employed 
in this respect, and passed through pre-drilled holes in the ladder side frames and matching 
holes in the GRP mounting plane. A real practical advantage was obtained in fast and 
continuously assured accuracy of ladder placement on the platform, an essential requirement for 
reliable and consistent data collection.  
 10 
However, the primary benefit was the continued operation and measurement of the rig response, 
while the user was carrying out the activities in their normal way. This tethering allowed the 
user to continue without incident or knowledge, beyond an ordinarily stable condition, and the 
ladder remaining stable under circumstances where it would otherwise have become unstable 
and toppled. This allowed the natural range of user operating limits to be captured, where 
otherwise these would have been obscured by the early failure of the stability of the ladder. 
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4 PRIMARY RIG SENSORY PARAMETERS 
4.1 GRP PRIMARY PARAMETERS 
After the raw sensory signals were conditioned and processed, the GRP ultimately delivered six 
primary mechanical parameters:  
· Fx (kg)   
· Fy (kg)  Instantaneous force vectors acting in the platform 
· Fz (kg ) 
· Mz (kg m) - Mz  is the instantaneous torsion acting in the platform about the vertical Z 
   axis 
· X (mm)    
· Y (mm) 
 
A set of three displacement transducers indicates the instantaneous translation and rotational 
motion of the principal ladder step. 
 
· Dx (mm) 
· Dy (mm) 
· Q (Deg)  - Q is the angular displacement of the step about the vertical axis Z 
 
The above parameters were developed early in the analysis and were available as a time ordered 
data set. This was then used extensively to develop all subsequent measures. 
 
 
4.2 GRP RAW TRANSDUCER SENSORY SIGNALS 
The GRP generates 9 independent sensory signals, derived from 3 tri-axis sensors, each 
generating 3 raw voltage outputs. The natural geometry of the GRP is circular. Transducer 
signals and sensory directions are therefore initially obtained and defined in circular geometry. 
 
· V1N (V) Sensor1 - Normal Signal 
· V1R (V) Sensor1 - Radial Signal 
· V1T (V)  Sensor1 - Tangential Signal 
· V2N (V) Sensor2 - Normal Signal 
· V2R (V) Sensor2 - Radial Signal 
· V2T (V) Sensor2 - Tangential Signal 
· V3N (V)  Sensor3 - Normal Signal 
· V3R (V) Sensor3 - Radial Signal  
· V3T (V) Sensor3 - Tangential Signal 
The instantaneous action C of G acting in the platform 
Linear displacements of the step in the horizontal plane in X & Y 
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Each raw channel signal was converted into standard engineering units via scaling factors. 
Generally zeros are obtained through baseline correction obtained from initial incoming data. 
The rig therefore delivers tare-adjusted values differentially beyond any standing or dead load. 
 
 
4.3 GRP CALIBRATED TRANSDUCER SENSORY SIGNALS 
· F1N (kg) Sensor1 - Normal force vector 
· F1R (kg) Sensor1 - Radial force vector 
· F1T (kg) Sensor1 - Tangential force vector 
· F2N (kg) Sensor2 - Normal force vector 
· F2R (kg) Sensor2 - Radial force vector 
· F2T (kg) Sensor2 - Tangential force vector 
· F3N (kg) Sensor3 - Normal force vector 
· F3R (kg) Sensor3 - Radial force vector 
· F3T (kg) Sensor3 - Tangential force vector 
 
The rig was delivering force reactions from three sources: 
1. The additional mass presence of the user 
2. Inertial forces due to user activity 
3. Direct user physical contact with external structures through hand or tool.  
 
The ladder weight was not registered by the GRP since it constituted a dead mass, and was 
zeroed out. However, the action C of G of the whole ladder system was partially dependent 
upon the ladder weight – this was a real vector component and was therefore included in the 
analysis. Correction was made by increasing each of the sensor parameters F1N(kg). F3N(kg) 
by one third of the known weight of the ladder. This was reasonable, given the ladder footprint 
was centric and the sensor transmitted loads were nearly equally distributed in circular 
geometry. An implicit assumption was made that the basic C of G of the ladder alone was 
symmetrical and could be located at the dead centre of the footprint. Whilst this may not be 
entirely correct, any discrepancy would only generate negligible forward error in calculations at 
normal operating action magnitudes. 
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4.4 CALIBRATED GRP VECTORS 
Calibrated GRP vectors are developed as follows: 
W(kg)   Ladder Weight   
Determined by prior measurement 
 
Zeroxx (V)   Channel zero references 
   Determined from initial 1 sec of data 
 
Kxx (kg/V)  Channel scaling factors  
   Determined by prior calibration 
 
 
· F1N (kg) = (V1N-Zero1N) x K1N + W/3 
· F1R (kg) = (V1R-Zero1R) x K1R 
· F1T (kg) = (V1T-Zero1T) x K1T 
· F2N (kg) = (V1N-Zero2N) x K2N + W/3 
· F2R (kg) = (V2R-Zero2R) x K2R 
· F2T (kg) = (V2T-Zero2T) x K2T 
· F3N (kg) = (V3N-Zero3N) x K3N + W/3 
· F3R (kg) = (V3R-Zero3R) x K3R 
· F3T (kg) = (V3T-Zero3T) x K3T 
 
The natural circular vector geometry of the GRP was transformed to generate primary factors in 
Cartesian presentation. The various constants arose from exact dynamometer dimensions and 
shape: 
· Fx   =   F1T - F2Rcos30 - F2Tcos60 + F3Rcos30 - F3Tcos60 
· Fy   = - F1R + F2Rcos60 - F2Tcos30 - F3Tcos30 + F3Rcos60 
· Fz   =   F1N + F2N + F3N 
 
Mz = 0.443 x ( F1T+ F2T+ F3T ) 
X  = ( F2N x 383.5 – F3N x 383.5 ) / Fz 
Y = ( F1N x 443 – F2N x 221.5 – F3N x 221.5 ) / Fz 
 
 
4.5 STEP DISPLACEMENT TRANSDUCER RAW SENSORY SIGNALS 
Each of the 3 cord transducers monitor motion of a specific point on the ladder and deliver a 
raw sensory signal:
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· D1 (V) 
· D2 (V) 
· D3 (V) 
 
These are zeroed and scaled to provide three calibrated differential displacement parameters, as 
shown by the following equations: 
· D1 (mm)  =   - ( D1(V) - ZeroD1 ) x KD1 
· D2 (mm)  =   - ( D2(V) - ZeroD2 ) x KD2 
· D3 (mm)  =   - ( D3(V) - ZeroD3 ) x KD3 
 
The parameters used are defined as follows: 
ZeroDx (V) Channel zero references  
Determined from initial 1 sec of data. 
 
KDx (mm/V)   Channel scaling factors  
Determined by prior calibration 
 
Primary parameters were then developed which were simple geometric transformations of the 
displacement parameters D1.. D3 to yield final step motion: 
 
d (mm) = Cord  separation distance between D1 & D2. This was a ladder specific parameter, 
determined by prior measurement. 
Dx (mm)  = D3 
Dy (mm) = ( D1 + D2 ) / 2  
Q (Deg)  = ATAN [ (D1-D2) / d ]  Accurate for small angles 
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5 DATA ACQUISITION SYSTEM 
5.1 FILE NAME CODING SCHEME 
A proprietary PC-based data acquisition system was used to collect raw instrument signal data. 
12 analogue channels were monitored simultaneously; 9 of which were associated with the GRP 
and 3 were associated with the cord displacement transducers. Initially data files were in 
application specific format type PLW, and these are later converted to type TXT for direct 
importation into EXCEL spreadsheets, as shown in Table 2, and 4  below. Data was collected at 
0.02 second interval and covered the entire period of each trial. 
 
Table 2 
Tasks 1 to 8 for domestic users 
configured as LTTUU.TXT-  
Code Meaning 
L Ladder A to H 
TT Task 01 to  08 
UU User 01 to 99 
  
  
Table 3 
Tasks 1 to 8, & 10 to 14  for professional users 
 configured as LTTPUU.TXT-  
Code Meaning 
L Ladder A..H 
TT Task 01 to  08 or 10  to 14 
UU User 01..99 
  
 
Table 4 
Task 9  for professional users 
 configured as L09UU.TXT-  
Code Meaning 
L Ladder A..H 
UU User 01..99 
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6 ANALYTIC & DATA PROCESS METHODS  
Tasks 1 to 8 & 10 to 14 were processed through Analyser2.XLS. Raw data blocks were copied 
from the various trial data files in turn, and placed into the raw data field in the analyser. The 
time ordered data set was then automatically processed to generate time ordered, calibrated 
primary-action and displacement parameters. This data set was then further processed to 
generate a reduced and efficient set of key or single-trial parameters, which quantified the entire 
trial event in a relevant and defined way. These parameters were copied and stored within 
master compilation sheets and are available for extended analysis or processing. Due to volume 
of data, individual trial analysers were not preserved in their complete form. 
 
All types of Task 9 were processed through Analyser3.XLS. Raw data blocks were copied from 
the various trial data files in turn, and placed into the raw data field in the analyser. The time 
ordered data set was then automatically processed to generate time ordered, calibrated, primary-
action parameters. This time ordered data set was then further processed to generate a reduced 
and efficient set of key or single-trial parameters, which quantified the entire trial event in a 
relevant and defined way. These parameters were lifted and stored within master compilation 
sheets and are available for extended analysis or processing. Due to sheer volume of data, 
individual trial analysers were not saved in their complete form. However, they may readily be 
recreated, if necessary. 
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7 SINGLE - TRIAL ANALYSIS PARAMETERS 
7.1 DESIGN OF SINGLE TRIAL PARAMETERS 
A set of parameters was designed to quantify aspects of tip, slip, dynamics and  instability. 
These were calculated initially on a per-trial basis from input, primary time ordered parameters 
that were associated with force or spatial displacement, and certain experimental environmental 
constants. Later they were collated and developed as cross-trial measures. 
 
Each trial was individually processed through a master analyser. The analyser accepted a time 
ordered block of raw data representing a single trial. This contained 12 concurrent signal 
channels of captured data at Del t = 0.2 sec. The analyser made basic calibration corrections to 
the currently resident raw data set and produced primary time ordered engineering parameters 
as defined elsewhere. A key set of Single-trial analysis parameters was developed, as shown in 
Table 5. 
 
Table 5 Parameter set for single-trial analysis 
Parameters Definition 
Source File Original raw data source file name., coded for 
ladder, task and subject. 
Ladder ID Ladder Code A .. H 
Subject ID Subject identification code 01 to 99 or P01.to 
99 
Number of Samples Total number of captured raw sensor samples, 
captured @ 50 S/s 
Valid Samples Monitor task specific responses on the ladder, 
with exclusion of spurious and repetitive data 
occurring in the mount and dismount phase 
 
Mid-band data, reasonably corresponding to pure tasking activity, was identified and assigned 
as task valid information. This was determined by rejecting the initial and final 10 seconds (s) 
of data. In effect, the mount and dismount phases were excluded from the body of numerical 
analysis, providing task specific results. Mount and dismount was however considered 
inclusively or separately for certain specific calculations. 
 
An internal logic flag designated TIP – Task in Progress – was utilised to validate data within 
the analysis sheet, and hence determined this parameter. Further parameters were developed for 
multi-trial extended analysis, as shown in Table 6 and Table 7. 
 20 
Table 6 Parameter set for multi-trial extended analysis 
Parameters Definitions 
Trial Data Collection Time (s) Total time of raw data collection 
TIP Collection Time (s) 
 
In-task or Task-In-Progress estimated time. 
This was 20s less than Trial Data Collection Time. 
Max Mag Fz (kg) 
 
Maximum encountered value of Force in Z-axis.  
Direction insensitive. Evaluated In-task. 
Max Mag Fx (kg) 
 
Maximum encountered value of Force in X-axis.  
Direction insensitive. Evaluated In-task. 
Max Mag Fy (kg) 
 
Maximum encountered value of Force in Y-axis.  
Direction insensitive. Evaluated In-task. 
Max Mag Mz (kg m) 
 
Maximum encountered value of Torsion about Z axis 
Direction insensitive. Evaluated In-task 
Median Fz (kg) 
 
Median encountered value of Force in Z-axis. 
Corresponds to dead weight of user + ladder + tools + contact 
force. Evaluated In-task. 
Max Ua (#) 
 
Maximum encountered frictional demand Ua (#) in ground 
plane. Evaluated In-task. 
Max Ub (#) 
 
Maximum encountered frictional demand Ub (#) in ground 
plane. Evaluated for mount-dismount phase only. 
Max Sx (#) 
 
Maximum encountered tip stability index Sx (#)  
Evaluated In-task. Corresponds to worst case event. 
Max Sy (#) 
 
Maximum encountered stability index Sy (#) 
Evaluated In-task. Corresponds to worst case event. 
Med Sx (#) 
 
Predominant encountered Sx Evaluated In-task. 
Corresponds to a favoured gravitational working position. 
Med Sy (#) 
 
Predominant encountered Sy. Evaluated In-task. 
Corresponds to a favoured gravitational working position. 
% Sx 0.7 .. 2.0 (%Time) 
 
Frequency distribution of Sx 
Expressed as Total % of Task Time at incremental levels of 
Sx. Evaluated In-task. 
% Sy 0.7 .. 2.0 (%Time) 
 
Frequency distribution of Sy 
Expressed as Total % of Task Time at incremental levels of 
Sy. Evaluated In-task. 
Gross Mag Dx (mm) 
 
Gross displacement of 2nd step in X-axis from initial position. 
Insensitive to low frequency activity. Evaluated All-Trial 
Gross Mag Dy (mm) Gross displacement of 2nd step in Y-axis from initial position. 
Insensitive to low frequency activity. 
Evaluated All-Trial 
RMS Dx (mm) Root Mean Square displacement of 2nd step in X axis 
Indicating general level of accumulated motion about the gross 
position. Evaluated In-Task 
RMS Dy (mm) Root Mean Square displacement of 2nd step in Y axis 
Indicating general level of accumulated motion about the gross 
position. Evaluated In-Task 
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Table 7 Parameter set for multi-trial extended analysis (continued) 
Parameters Definitions 
PP Dx (mm) 
 
Peak to Peak displacement of 2nd step in X-axis about the gross 
position. 
Indicating maximal extent of motion about the gross position. 
Evaluated In-Task 
PP Dy (mm) 
 
Peak to Peak displacement of 2nd step in Y axis about the gross 
position 
 
Indicating maximal extent of motion about the gross position. 
Evaluated In-Task 
PP Q (Deg) 
 
Peak to Peak angular displacement of 2nd step about Z axis 
Indicating maximal extent of angular motion about the initial 
position. Evaluated All-Trial 
Max Mag Global Fz (kg) 
 
Maximal encountered force in Z-axis. Evaluated All-Trial 
Max Mag Global Fx (kg)  
 
Maximal encountered force in X-axis. Evaluated All-Trial 
Max Mag Global Fy (kg) Maximal encountered force in Y-axis. Evaluated All-Trial 
 
Once generated, this parameter set was extracted and placed within multi-trial data compilation 
sets for extended analysis. 
 
 
7.2 STABILITY PARAMETERS  
 
The criteria for the limit of tip/overbalance was directly determined by the system action C of 
G. While the C of G was within the footprint of the ladder feet, the system was strictly stable. If 
the C of G exited this footprint, the ladder would have fallen. Clearly, any measure of relative 
safety must therefore respond to the proximity of C of G to the critical edge. 
 
It was convenient to define a pair of functions, which quantified proximity of G of G to the 
footprint boundary at any instant: 
 
ModX / A 
ModY / B  
 
X(mm) & Y(mm) -   Respective instantaneous planar co-ordinates of the action C of G 
in the platform. 
A(mm) & B(mm) - Ladder footprint dimensions. 
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These functions were linearly sensitive to edge-locality, and varied  0..1..N. By taking module, 
these functions were insensitive to direction. C of G was then expressed as a position within a 
normalised ladder footprint, thereby enabling direct cross-comparison between ladders. 
 
 
7.3 INSTANTANEOUS STABILITY PARAMETERS 
As a C of G approaches an edge, so the proximity to potential danger becomes more urgent, 
each millimetre increment having progressively more significant degradation of safety margin. 
To reflect an improved significance scale,  a pair of instantaneous stability parameters Sx (#) & 
Sy (#) were defined : 
Sx  = ( ModX / A ) ^ 3.32 
Sy  = ( ModY / B ) ^ 3.32 
 
This is a power function delivering a value 0..1, reaching value 1.00 as before, when the edge of 
the footprint was reached. We chose a halfway out position of C of G as representing one order 
of magnitude less than the critical stability significance value 1.00. So at the 50% C of G 
position S = 0.1. This was achieved by setting the power at 3.32. This method of expression 
simply magnifies the scale where most importance was situated, near the boundary without 
altering the ranking of the measurement. 
 
Through constraint of the ladder feet, a user’s C of G can, in practice exceed the footprint 
boundary. The user, unaware of this transition will continue their activity and there will be no 
stability failure in the user-ladder system. It follows that the tip parameters Sx & Sy can exceed 
the criticality value 1.00.  
 
The trial analyser frequency ranked all Sx & Sy, and produced parameters : 
Sx 0.7.. %Sx2.0  &  %Sx 0.7.. %Sx2.0.  
 
These are expressed as (%Time) cumulatively spent at the specified range of Sx & Sy.  
Other indices were developed and given in Table 8. 
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Table 8 Indices developed from stability parameters 
Parameters Definitions 
Max Sx (#) Maximum encountered tip stability index Sx (#)  
Evaluated In-task. Corresponds to worst single case event. 
Max Sy (#) 
 
Maximum encountered stability index Sy (#) 
Evaluated In-task. 
Corresponds to worst single case event 
Med Sx (#) 
 
Predominant encountered Sx  
Evaluated In-task. 
Corresponds to a favoured gravitational working position 
Med Sy (#) 
 
Predominant encountered Sy. 
Evaluated In-task. 
Corresponds to a favoured gravitational working position. 
 
 
7.4 DYNAMICS PARAMETERS 
The 2nd step was chosen as the location at which the motion and displacement would be 
monitored. Although the entire ladder was moving and flexing to some extent, it was reasonable 
to target the primary step as having high significance to a user. A number of parameters 
quantified and characterised gross static deflections, and oscillatory or transitory motions.  
 
7.4.1 Primary time ordered parameters 
These were developed to indicate the instantaneous translation and rotational state of the step:  
Dx (mm) Displacement in X axis 
Dy (mm) Displacement in Y axis 
Q (Deg) Angular displacement about Z axis 
 
7.4.2 Single-trial analysis parameters  
These parameters were developed to globally quantify the dynamic performance of the step: 
Gross Mag Dx (mm) 
Gross Mag Dy (mm) 
 
These parameters indicated the gross static deflection of the step from the base position, 
as existed prior to a user mounting the ladder. This was largely due to the dead weight 
posture and attitude of the user plus task contact actions, and was largely insensitive to 
oscillatory or transitory motion.  
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This was not directly perceptible to a user during the task phase, in that the gross footing 
position was essentially settled to constant once the user was positioned for work. However, this 
displacement would accrue as the user mounted the ladder and could be experienced as a 
general level of stiffness or rigidity. 
 
7.4.3 Oscillatory or transitory step dynamic  
These parameters indicated the in terms of an amplitude, considered superimposed upon any 
basic gross deflection. The parameter was based on a power law accumulation of instantaneous 
displacements, and indicated an accrued level of step activity. This could be perceived as a 
certain global sense of footing stability by a user 
RMS Dx (mm) 
RMS Dy (mm) 
 
7.4.4 Peak to peak worst case transitory step dynamic  
These parameters indicated the in terms of a distance or angle, considered superimposed upon 
any basic gross deflection. Where these parameters are relatively high, this may indicate slow or 
gradual step drift during the task, or sudden, relatively large transitory excursions. This 
parameter might be felt as a slow shifting in footing, or possibly as high amplitude transitory 
jerks. 
PP Dx(mm) 
PP Dy(mm) 
PP Q (Deg) 
 
 
7.5 ACTION PARAMETERS 
Instantaneous actions were initially developed as Fx (mm) Fy (mm) Fz (mm) % Mz (kg m) and 
exist as time ordered data sets. These were processed to produce various key action measures 
characterising the trial. 
 
The analysis was arranged separately to reflect In-task response and All-trial response. In-task 
parameters indicated action levels clearly associated with the task performed whilst on the 
ladder. All-trial parameters, qualified as global in the descriptors, indicated action magnitudes 
pertaining to the full sequence of mount–task-dismount. Global values could therefore exceed 
In-trial magnitudes, and in this case related to particularly onerous forces acting in the ladder 
due to the mount or dismount activity. 
The various values developed in indicated action levels in the general ground contact plane.  
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Whilst these will often practically be distributed between several feet, with consequent 
mechanical stress distribution, they were equally likely to exist as a concentration in a 
predominant foot. Hence, for duress estimates, it was advisable to consider calculated 
magnitudes as acting solely in a single foot. Furthermore, the total driven action existing in a 
foot member was the sum of instantaneous actions in the three axes. 
 
Table 9 Action parameters developed to characterise the trial 
Parameters Definitions 
Max Mag Fz (kg) 
 
Maximum encountered value of Force in Z-axis.  
Direction insensitive. Evaluated In-task. 
Max Mag Fx (kg) 
 
Maximum encountered value of Force in X-axis.  
Direction insensitive. Evaluated In-task. 
Max Mag Fy (kg) 
 
Maximum encountered value of Force in Y-axis.  
Direction insensitive. Evaluated In-task. 
Max Mag Mz (kg m) 
 
Maximum encountered value of Torsion about Z axis 
Direction insensitive. Evaluated In-task 
Median Fz (kg) 
 
Median encountered value of Force in Z-axis. 
Corresponds to dead weight of user + ladder + tools + contact 
force. Evaluated In-task. 
Max Mag Global Fz (kg) 
 
Maximal encountered force in Z-axis. Direction insensitive 
Evaluated All-Trial 
Max Mag Global Fx (kg)  
 
Maximal encountered force in X-axis. Direction insensitive 
Evaluated All-Trial 
Max Mag Global Fy (kg) Maximal encountered force in Y-axis. Direction insensitive. 
Evaluated All-Trial 
 
7.6 FRICTIONAL DEMAND PARAMETERS 
Instantaneous frictional demand was calculated as :  
U (#) = v (Fx² + Fy²)  / Fz    True for Fz > 0 
An internal logic flag designated CONTACT was utilised to indicate non-zero Fz. 
This flag was set true if Fz > 50 kg 
 
7.6.1 Friction demand  
This was considered separately for in-task and mount/dismount phases 
Ua (#)   In-Trial – Time ordered data set 
Ub (#)   Mount-Dismount – Time ordered data set 
These parameters were the instantaneous demanded level of static friction. Normally the 
magnitude will be below a critical upper limit where cohesion is lost and the ladder slides. 
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7.6.2 Single-Trial parameters  
were developed to globally quantify the frictional demand performance of the ladder. 
Max Ua (#)  Maximum encountered frictional demand – In-task 
Max Ub (#)  Maximum encountered frictional demand – Mount / Dismount 
These parameters indicated the worst case demand within the respective phase 
.
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8 MULTI - TRIAL ANALYSIS PARAMETERS 
These parameters were developed for each ladder and user group. Generally they were 
constructed taking various sets or combinations of tasks. 
 
8.1 STABILITY PARAMETERS - S1x to S4x  & S1y to S4y 
· S1x (%Time) Sum of Average (%Time) @ Sx > 1.0  
Any time spent at Sx equal to or above 1.0 was beyond the critical limit. Realistically any non-
zero value could be considered certain to imply tipping. This parameter can be interpreted as a 
total accumulation of guaranteed risk. 
 
 
· S2x (%Time) Sum of Average (%Time) in Sx range 0.7 to 1.0 
The region Sx = 0.7 to 1.0 was in close proximity to the critical limit. Values in this range imply 
that small additional C of G changes can bring the system to tip criticality. This parameter can 
be interpreted as a total accumulation of elevated risk level. 
 
 
· S3x (#) Average Maximum Sx  
Each trial delivered a maximum encountered value of Sx, corresponding to the absolute worst 
case moment within the trial event. This parameter can be considered as a measure of the users’ 
most extreme working limits reached over the trial set. Note that this parameter contains no time 
information. 
 
 
· S4x  (#) Average Median Sx 
This value was the average of the most common encountered value of Sx. This parameter 
indicates the most preferential value of Sx employed by users, and can be interpreted as a 
gravitational cluster point associated with the ladder usage. 
 
 
· S1y  ... S4y  
As above in Y-axis. 
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8.2 DYNAMICS PARAMETERS - D1x to D3x  &  D1y to D3y  &  Q1 
D1x (mm) 
Average Gross Magnitude Dx (mm) 
D2x (mm) 
Average RMS Dx (mm) 
 
D3x (mm) 
Average PP Dx (mm) 
 
D1y (mm) .. D3y (mm) 
As above in Y-axis. 
 
Q1 (Deg) 
Average PP Q (Deg) 
 
 
8.3 ACTION PARAMETERS  -  F1z, F1y, F1x  &  M1  &  F2z, F2y, F2x 
 
Table 10 Action parameters developed 
Parameters Definition 
F1z (kg) 
 
Average Maximum Magnitude Fz 
Evaluated In-task  
F1x (kg) 
 
Average Maximum Magnitude Fx 
Evaluated In-task 
F1y (kg) 
 
Average Maximum Magnitude Fy 
Evaluated In-task 
M1 (kg m) 
 
Average Maximum Magnitude Mz 
Evaluated In-task 
F2z (kg) 
 
Average Maximum Magnitude Global Fz 
Evaluated over full trial 
F2x (kg) 
 
Average Maximum Magnitude Global Fx 
Evaluated over full trial 
F2y (kg) 
 
Average Maximum Magnitude Global Fy 
Evaluated over full trial 
 
 
8.4 COMPLIANCE PARAMETERS – Comp1x Comp2x Comp1y Comp2y CompQ 
The mechanical stiffness of the ladders was measured by various compliance parameters. These 
were expressed and referenced at the standard loading zone (2nd step) and indicate a freedom of 
movement per unit load. 
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Comp1x (mm/kg)  Given by D1x / F1x 
Comp2x (mm/kg)  Given by D3x / F1x 
Comp1y (mm/kg)  Given by D1y / F1x 
Comp2y (mm/kg)  Given by D3y / F1x 
CompQ (Deg/kg m)  Given by Q1 / M1 
 
 
8.5 FRICTION DEMAND PARAMETERS – U1 & U2 
U1 (#) 
Average Maximum Ua 
Evaluated In-Task 
 
U2 (#) 
Average Maximum Ub 
Evaluated Mount – Dismount phase 
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9 THEORETICAL STABILITY ENHANCEMENT 
The ladders were subjected to a user driven stimulus, and responded with varying degrees of 
stability surety. Any observable underperformance with respect to stability could be considered 
as theoretically corrected with a notional change in footprint dimension. Each ladder was 
therefore adjusted geometrically in order that the observable extremes of stability demand were 
just met. This was specifically obtained through the excess stability demand parameters BetaX 
and BetaY, and produces enhanced geometrical parameters A* to G*. 
 
This theoretically constructed range of ladders present as critically stable while meeting the 
worst case duress. Specifically, each was known to produce intrinsic stability indices SintX >= 
1.00 and SintY >= 1.00 while subjected to the standard loading stimulus of the set of users. 
These unified conditions enable the determination of standard loads LstdZ LstdY & LstdX. 
 
 
9.1 EXCESS STABILITY DEMAND PARAMETERS – Alpha (#) & Beta (#) 
The rig-derived data included a full set of instantaneous C of G values, extending over the 
period of the task. The most extreme excursions of C of G exceeded the physical footprint of the 
ladder. By theoretically expanding the ladder footprint, a certain degree of enlargement would 
eventually contain the entire C of G pathway. This represented a critically stable condition  
where the ladder could be considered as just remaining within stability for the entire analytic 
period.  
 
A predictive algorithm was implemented in the Predictor spreadsheet. This utilised parameter 
sets %Sx 0.7.. %Sx2.0  or  %Sy 0.7.. %Sy2.0 as input. These parameters gave rise to 
S1x(%Time) and S1y(%Time) values – representing cumulative time spent in an unstable 
condition. 
 
A progressive increase in footprint size correspondingly reduced S1x or S1y by progressively 
encompassing more of the C of G pathway. By choosing a particular cut-off value for S1x or 
S1y, an enhanced and theoretically adjusted footprint was calculated which delivered improved 
stability to a definite level. 
 
Two variants of footprint re-scaling were employed: 
AlphaX (#)  Criteria : S1x = 0 (%Time) 
AlphaY (#)  Criteria : S1y = 0 (%Time) 
BetaX (#)  Criteria : S1x = 0.005 (%Time) 
BetaX (#)  Criteria : S1y = 0.005 (%Time) 
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Note that these are true, dimensionless scaling factors – a value of 1.0 implies no change in 
linear dimension. The Alpha variants require total enclosure of the C of G at all times. The Beta 
variants allow a limited duty of time at overlimit. 
 
These parameters are re-scalars of the footprint only, in either X or Y, leaving the rest of the 
ladder geometry and weight unaltered. It was possible to theoretically adjust any parameter with 
a view to developing a notionally stable ladder. However, the choice of footprint re-scaling 
readily lended itself to practicalities; this re-scaling could be carried out using minimal and 
miniature welded outriders, placed exactly at the feet and extending out, with no perceptible 
performance or change in general feel of the ladder. Reasonably, the user would deliver a 
consistent usage profile upon the actually modified ladder. 
 
Generally, Beta parameters were somewhat lower than the corresponding Alpha counterparts, 
but were statistically softer and more representative of the re-scaling requirement. Alpha has a 
harsh limit criteria, and was sensitive to the absolute maximum over-excursions of C of G, even 
when averaged over many trials. These most extreme conditions were erratic and volatile and to 
base measured stability deficits on these was unwise, hence Beta was taken forward as a 
working value. The process algorithm increased the raw calculated Beta by 0.05. This was 
based on the observation that the differences between given Alpha and Beta pairs could reach 
about 0.1 in the worst case. We took half this range and added to Beta to produce a final value. 
 
Beta parameters were utilised to mathematically re-model the ladders with enhanced geometry, 
notionally capable of increasing the stability performance of each ladder to a critical capability, 
matching the actual drive. 
 
 
9.2 STABILITY ENHANCED GEOMETRIC PARAMETERS  A* to G* 
BetaX(#) and BetaY(#) are footprint modifiers calculated to enhance the practically observed 
stability such that theoretical critical stability was achieved. 
 
The geometrical parameters A(mm) to G(mm) were adjusted to A*(mm) to G*(mm). 
The transformations are: 
A* = BetaX . A 
B* = BetaY . B 
C* = C 
D* = BetaX . D 
E* = BetaY . E 
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F* = F 
W* = W 
Note that the ladder step height, the ladder step width, and the ladder weight were unaltered. 
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10 STABILITY ANALYSIS – PREDICTIVE MODEL 
An objective of this work was to provide a deterministic test, which would identify a particular 
level of stepladder stability. Generally, any standing structure can be tested for stability whilst 
under some agreed level of loading, with associated position or distribution. We were free to 
dictate the magnitudes and placements of these loads. Once established, the simple application 
of such set loads will test the structure in a practical manner, the result of which will be either 
pass or fail; an unambiguous indication of the test result. The choice of standard load definition 
was arbitrary. However, the choice of progressively higher values would generally have 
advanced the likelihood of any given test procedure resulting in failure. It was pragmatic and 
economic to set standard loading to match magnitude levels in line with those genuinely 
encountered in normal usage, but more particularly at the most onerous end of the spectrum. A 
value adjusted overly high would simply cause system tests to produce an early or unnecessary 
‘fail’ result. Thus chosen, a reality-justified test will properly pass structures as stable in 
reasonable but nevertheless extreme duress, and will duly fail substandard performers. 
 
It was an important requirement that any structural stability criteria should also prescribe 
loading position and orientation to reasonably correspond to a real usage focus point. It was a 
fact that the true action upon the ladder exists as a distributed field or complex of minor actions, 
varying in both space and time. These forces were variously delivered through limbs in more or 
less contact with the general structure. This dynamic system was a high dimensional 
mathematical object, which must undergo severe dimensional reduction if we were to deal with 
simple endpoint equivalents. In practical terms, any reasonably chosen action centre could serve 
as a good working reference to a practically erratic delivery envelope.  
 
The 2nd step was taken as the primary action zone. This general location was taken as the 
highest altitude action centre while under normal ladder loading, and as such was the most 
onerous with regard to stability performance. It was considered that the focus of loading would 
occur primarily through foot contact, and would ordinarily represent the single most pertinent 
action on the ladder, in normal use. For X-axis stability determination, the extreme step edge 
less 50% of 5th percentile, standard, female, shoe width, was taken as the standard action point. 
For Y-axis stability determination, the mid point of the step was taken. These action points were 
both taken to be in the step contact surface. This was calculated to be potentially the most 
extreme position of loading by any user, again delivering erosion of stability. Our standard 
action location was therefore chosen such as to reasonably agree with a genuine user driven 
action focus, and to provide the most challenging testing location for stability considerations. 
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A theoretical model of stability was developed. The inherent stability of a ladder was arguably a 
function of three major components. 
 
· Geometry 
The ladder shape and absolute size was clearly intimately involved in any stability assessment. 
The parameters of interest were the various linear distances  A(mm), B(mm) to G(mm). These 
dimensions fully defined the skeletal and essential structure as a spatial object. 
 
· Weight 
The dead weight of the ladder W(kg) was a constant force vector, perpetually acting to keep the 
ladder stable. 
 
· Standard Load 
The chosen standard load set, parameters LstdX(kg), LstdY(kg) and LstdZ(kg), were actions which 
challenged the stability of the ladder to an extreme. It was intended that these be applied in pairs 
according to the axis of interest, and applied simultaneously, to simulate worst case duress. 
Hence, for X axis evaluation, loads in Z & X were employed, while for Y axis evaluation, loads 
in Z & Y were employed.  
 
These loads were to be applied at the standard positions as previously discussed. It was 
necessary to have a physically justifiable mathematical model, which represented a numerically 
scaled level of stability. This should demonstrate a clear and direct linkage between the physical 
theory and the observable practice, specifically producing the same results when either 
assessing stability criteria as mathematical predictions, or as practical performance tests. 
 
When the resulting mechanical system was considered as opposing turning moments, and 
loading actions delivered as described, the following relations arose; identifying critical stability 
conditions for both X-axis and Y-axis separately. The point of critical balance occurred when 
these opponents were of equal magnitude. This point can be represented as the value of 1. If this 
ratio drops below 1, the system is stable. Above 1, the system fails and the ladder falls.  
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For stability in the X-axis: 
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Where W = The mass of the ladder 
A = The width between the feet in the x-axis 
LStdZ = The standard load in the z-axis 
D = The distance the outer edge of the second to top step is inboard of the ladder  foot 
Shoe = The width of a 5th percentile female shoe (100 mm) 
LStdX = The standard load in the x-axis 
 F = The height of the ladder 
 
For stability in the y-axis: 
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Where: 
W = The mass of the ladder 
G = The distance between the centreline of the ladder and the feet 
LStdZ = The standard load in the z-axis 
E = The offset between the outer middle of the second to top step and the ladder foot 
LStdY = The standard load in the y-axis 
F = The height of the ladder 
 
 
By definition :  A graded scale of stability (the intrinsic stability in the x-or y-axis, SintX or 
SintY) can be expressed by the following mathematical function, where the remaining variables 
are defined as before: 
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Hence, any given ladder with parameters A(mm) to G(mm) & W(kg), when subjected to loads 
LstdX(kg), LstdY(kg) and LstdZ(kg), will exhibit a particular value of SintX(#) or SintY(#). The 
meaning of these parameters is: 
SintX or Y < 1 Unstable 
SintX or Y = 1 Critical 
SintX or Y > 1 Stable 
 
 
10.1 INTRINSIC STABILITY INDICES – SintX (#) & SintY (#) 
Parameters SintX (#) & SintY (#) were numerical results as defined above, and whose values 
indicate, in a practical sense, a safety condition. When correctly implemented, a ladder 
possessing a SintX value of precisely 1.00, can be taken as highly secure against instability 
failure, while under the most onerous loading extreme corresponding to a normal usage 
envelope. Deviations from value 1.00 can be taken as enhancement or erosion of a safety 
margin. 
 
10.2 STANDARD LOADS – LSTDX(KG), LSTDY(KG) , LSTDZ(KG) 
These parameters were determined by adjustment to best fit within the stability prediction 
model. The exact meaning of the standard loads has to be understood as a set of parametrics . 
Their values and points of application were determined to be representative of the highest 
reasonable level of duress with respect to ladder standing stability. It is fully understood that the 
user-supplied driving vector was in reality a complex phenomenon, varying spatially and 
temporally. The endpoint parameters sought here were heavily reduced dimensionally, yet 
produced a simple and pragmatic set of  equivalent actions, subject to the justifications and 
analytic methods described 
 
By definition of the derivation of experimental parameters BetaX(#) & BetaY(#), each of the 
ladders in the set were individually brought to theoretical critical stability through the adjusted 
frame parameters A*(mm) to G*(mm). These enhanced geometrical parameters were 
numerically placed within the model. 
 
The three parameters LstdX(kg), LstdY(kg) and LstdZ(kg), were made common to all sixteen 
stability state equations,  existing as pairs for X & Y axis.  
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For stability in the x-axis: 
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For stability in the y-axis: 
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Values of the standard load parameters were experimentally sought, which delivered a 
consistent set of SintX >= 1 and SintY >= 1 conditions, across all ladders, with minimal general 
overshoot and maximum flatness. Such an optimum set of values were found and fine adjusted. 
These tuned values were then taken as the model standard loads for both theoretical calculation 
and practical testing. 
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11 SLIP TASK - 9 PARAMETERS 
Parameters were evaluated initially for each single trial, then for multi-trial sets grouped for 
each ladder. There was no exact value of limiting friction, being the maximum sustainable value 
before slip commences. In practice, the obtained value varied about an average figure, from 
case to case. From previous work it was reasonable to expect a limiting friction capability of 
about value 1.0, but for reasons of safety it was advisable to take 0.9 as a working value.  
 
11.1 SINGLE-TRIAL PARAMETERS – SLIP TASK 9 
Instantaneous frictional demand is calculated as :  
Udemand (#) = v(Fx² + Fy²) / Fz    True for Fz > 0 
 
Single- and multi trial parameters were developed, and are given in Table 11 and Table 12. 
 
Table 11 Single-trial parameters for slip task 
 
Parameters Definition 
MaxUdemand (#) Maximum friction demand encountered over 
trial 
Percentile99Udemand (#) 99th percentile of friction demand over trial 
Percentile95Udemand (#) 95th percentile of friction  demand over trial 
MinFz (kg) Minimum Fz encountered over trial 
MaxFy (kg) Maximum Fy encountered over trial 
MaxFx (kg) Maximum Fx encountered over trial 
 
Table 12 Multi-trial parameters for slip task 
Parameters Definition 
Udemand>1 (%Trials) 
 
% of Trials in set where Udemand > 1.0 
Evaluated over full trial set 
MaxMaxUdemand (#) 
 
Maximum of Maximum Udemand  
Evaluated over full trial set 
MaxMaxFy (kg) 
 
Maximum of Maximum Fy  
Evaluated over full trial set 
AveMaxFy (kg) 
 
Average of Maximum Fy  
Evaluated over full trial set 
Umax0.5 (%Trials) .. Umax3.0 (%Trials) 
 
Frequency distribution of MaxUdemand (#) as 
%Trials 
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12 TEST SPECIFICATION 
The technical modeling of the stepladder identified and quantified an inherent or intrinsic 
structural ability to maintain stability whilst subject to a prescribed maximal load. The particular 
stability capability is numerically expressed in the two parameters SintX(#) & SintY(#), as 
shown in Figure 4. The actual prevailing values of these parameters can only generally be 
determined theoretically, based on key geometrical and structural parameters, and prescribed 
system constants. The critical stability criteria itself is simply that parameters SintX & SintY 
should be numerically value 1 or greater. 
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Figure 4 Definition of the intrinsic stability indices SintX & SintY 
 
Both the theoretical and practical analysis of stability was based on a single set of three loading 
parameters – LstdZ (kg)  LstdY (kg)  & LstdX (kg) acting at standard loading points on the 
stepladder. These prescribed loads can be regarded as generally applicable to any ladder of the 
type considered. Modifications to the magnitudes of the standard loads can be made on the basis 
of ladder classification. The correct application of the loads will determine, as a simple pass/fail 
test, whether the ladder is stable, in terms of its strict physical definitions. These criteria are 
linked to, and derived from, the empirical body of data resulting from this trial. 
 
The test is performed separately in each of the two axes X & Y: 
 
X axis stability is determined using  LstdZ (kg)  & LstdX (kg) 
Y-axis stability is determined using  LstdZ (kg)  & LstdY (kg) 
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Practically, the vertical load and LstdZ(kg) can be applied as a static force, and LstdX(kg), 
LstdY(kg) can be applied either progressively until the prescribed value was attained, or can be 
directly applied, with care taken not to shock the ladder in so doing. See Figure 5 for a physical 
model showing geometrical and mechanical conditions of the stability test specification. 
 
 
Figure 5 Physical model showing geometrical and mechanical conditions of the stability test 
specification  
However done, if the ladder remains standing under the prescribed test conditions, then the 
criteria for critical stability are met. 
 
 
12.1 STANDARD LOADING METHODS 
The standard loads should be applied with reasonable point accuracy. LstdZ(kg) can most easily 
be applied with a simple hook device arranged to drive vertically downward on a small radius 
point. See Figure 6. Any dead weight of correct total value will load the system.  
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Figure 6 FstdZ applied via loading hook device 
 
It is not important where the actual bulk weight resides vertically, provided the system behaves 
as an unconstrained static pendulum from the actual loading point at the step. Any other method 
which guarantees that the vertical action vector passes through the reference point with correct 
magnitude is also acceptable. 
 
Horizontal X axis loads can be applied with a simple thin cord round the side frame, arranged to 
align with the step surface plane and act centrally, as shown in Figure 7. 
 
  
Figure 7 FstdX applied via cord linkage 
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Horizontal Y-axis loads can be applied with a simple formed metal hook affixed to the step, 
arranged to glance the step surface plane and act centrally, as in Figure 8. 
 
 
 
Figure 8 Load applied via formed hook Note clearance for Z loading point 
The practical static test results only prove the necessary criteria that SintX >= 1 and SintY >= 1. 
Yet, this result gives no information about the magnitude of either the surfeit or deficit of 
stability. However, the structure of the mathematical definitions of stability indices, and the 
underlying argued physical justification, identifies those physical features which were the basis 
of the determination. Hence the model can be used to either yield theoretical predictions of 
actual SintX & SintY, or can otherwise identify the relevance and significance of any specific 
structural design element contribution to stability. The finally attained values of stability index 
for practical production designs could normally expected to be at, or little above, value 1. The 
nature of the model was not prescriptive toward any particular parameter, but globally contains 
the designed system within an envelope, considered as ordinarily safe in normal usage. The 
manufacturer or designer was free to manipulate his or her ladder structural design at will, but 
will find that the adjustment of any single key parameter will place collective restraint upon all 
other remaining parameters. The final resolution amounting to a tuned design parameter set. 
 
A note on ladder weight may be of interest to designers. The underlying physical mechanism 
providing overall stability was partially a function of weight. A reading of the stability 
equations indicates that the horizontal disposition of the ladder structure C of G was important, 
as was the magnitude of the weight itself. However it should be realised that the vertical height 
of the volume C of G was of no importance, possibly contrary to intuition. This does mean that 
mass can be distributed with surprising freedom, with say concentrations either high or low in 
elevation, with true zero effect on stability. 
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13 TYPICAL EXAMPLE DATA SETS 
13.1 CENTRE OF GRAVITY 
Examples of typical Centre of Gravity (C of G) data sets from the trials are shown in graphical 
form in Figure 9. The diamond markers represent the stepladder feet to correct scale. The feet 
define the footprint boundary. The Figure shows typical C of G pathways over in-task periods. 
Timebases were in seconds. The time-ordered type data here was generally refined into a set of 
key single-trial numerical parameters, which were subsequently carried forward into the 
analysis. These data sets demonstrate the qualitative nature of observed performance.. Where 
the C of G exceeds this boundary, then under normal conditions, the ladder would become 
immediately unstable. However, the feet were tethered. This allowed the user to proceed with 
activities limited only by his or her choosing, hence the limits observed were truly user driven.  
 
          
 
Figure 9 The data cloud shows the centre of gravity along with excursions of two trial outputs, 
illustrating the differences between trial tasks and subjects 
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13.2 TIP STABILITY 
Instantaneous stability parameters Sx (#) & Sy (#) were calculated over the task period and 
were available as time ordered sets. Viewed in this manner, both the severity and duration of the 
stability demand can be observed in Figure 10. Magnitudes of either Sx or Sy in excess of 1.00 
imply a user driven demand beyond the natural capability of the ladder. 
 
 
Figure 10 Examples of tip stability indices which offera stability chronolgy of the trial 
 
13.3 GROUND REACTION FORCES 
Principal ground reaction forces were continuously monitored. Typical traces in axis X & Y & 
Z over time in seconds are shown Figure 11. The additional loads due to inertial accelerations in 
the ascent and descent phases were clearly observable. The Z component can easily reach twice 
the general static value during these periods. Other spurious transients can occur as the user 
changes footing or gross posture. 
 
 
Figure 11 Two examples of triaxial loading where the z-axis forces predominate 
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13.4 2ND STEP DISPLACEMENT 
Instantaneous displacement in the 2nd step was monitored. This information was an indicator of 
footing surety with respect to gross displacement, cyclic or transient motion, and leads to 
various dynamics and mechanical compliance measures. 
 
 
 
Figure 12 Examples of step displacement data given in millimetres of movement for the x-and y-
axes and degrees of rotation, nominally termed Q 
 
 
13.5 FRICTIONAL DEMAND 
Frictional demand was continuously monitored. This was handled separately in the analysis and 
considered independently for the in-task phase and ascent-decent phase. Generally these were at 
a very low level and ordinarily never reach potential slip conditions. See Figure 13 showing 
examples of output showing the time-related frictional demand on ladder structure. 
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Figure 13 Examples of output showing the time-related frictional demand placed upon the ladder 
feet during the trial 
 
Task 9 was capable of producing high levels of friction demand. Values of Udemand > 1 
(approx) imply slippage. A typical oscillatory response of the user was clearly visible in many 
data sets, and arises where the user was trying to maximise planar force levels in the form of 
impulses, at the expense of vertical drive, see Figure 14. The simultaneous high lateral load and 
reduced vertical load served to increase the friction demand to potentially extreme levels. 
 
 
 
 
Figure 14 Examples of outputs from Task 9 demonstrating some high levels of friction demand 
over 1.0, as well as the oscillatory responses of the users 
 47 
13.6 STABILITY DEMAND %SX1.0 OR %SY1.0  
The horizontal scale represented graded levels of demand, the band %Sx1.0 or %Sy1.0 
corresponding to the prevailing critical limit for the ladder in each axis separately. The vertical 
axis was expressed as fractional time at the given stability demand level, hence was a time-duty 
parameter. 
  
It can be observed that there is a general fall-off in %Time level as the stability band advances. 
However this was not regularly ranked downward as might be expected. Recurrent or arbitrary 
ripples were often evident in the decay pattern.  
 
A small number of trials yielded activity beyond the range limits %Sx2.0 or %Sy2.0. This was 
noted as present but discarded in subsequent analysis as non-reasonable usage. 
 
 
 
 
 
 
 
 
 
 
 
Figure 15 Examples of graphs representing the stability performance of stepladders across all the 
tasks. 
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